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PROCESSES INFLUENCING THE DURATION AND DECLINE OF EPIZOOTICS IN 
SCHISTOCEPHALUS SOLIDUS 
David C. Heins, John A. Baker*, and Dillon M. Green 
Department of Ecology and Evolutionary Biology, 400 Lindy Boggs Center, Tulane University, New Orleans, Louisiana 70118. e-mail: heins@tulane. 
edu 
ABSTRAcr: The interplay of intermediate host fish and plerocercoids of diphyllobothriidean cestodes results in epizootics that are 
deceptively simple, but conceal complex biotic and abiotic interactions shaping each event independently. Although general 
descriptions of epizootics and some details of biotic interactions between enemies are known, much remains to be discovered about the 
abiotic and biotic forces and their interactions driving epizootics. This study shows that the duration of an epizootic of Schistocephalus 
solidus was sustained by high prevalence, mean intensity, and PI (parasite index-parasite:host biomass ratio) levels among young-of-
the-year and I-yr-old threespine sticklebacks. Many infections and most parasite growth in young-of-the-year fish apparently occurred 
under the ice during the winter. Few new infections appear to have occurred among I-yr-old fish, which may live 2 yr and sometimes 
3 yr. The decline of the epizootic occurred as the recruitment of I to 2-yr-old hosts decreased significantly, followed by reduced 
infections of young-of-the-year fish. Thus, a major factor influencing parasite population dynamics was reduced transmission 
(probability of infection) as a result of overwinter host mortality among I-yr-old fish. Mega-epizootics, named and described herein, 
appear to represent a "perfect storm" phenomenon dependent on a particular and rare combination of circumstances. Less extreme 
and more gradual epizootics may be more common and play out in myriad ways, because of complex abiotic and biotic factors 
influencing both parasite and host populations. The interplay of parasite and host resulting in reciprocal effects upon one another 
occurs during both the emergence and decline phases of an epizootic. 
The dynamics of the emergence, duration, and decline phases in 
epizootics are well known for humans and some crops, but they are 
poorly understood for host-parasite systems in the wild (Harvell, 
2004; Kim and Harvell, 2004). Studies of such disease outbreaks 
among fish parasites typically have been restricted to the decline 
phase, which has limited their contributions to an understanding of 
systems in nature (Kennedy et aI., 2001; Hoole et aI., 2010). Two 
exceptions are the long-term studies of the diphyllobothriidean 
cestodes Ligula intestinalis (Kennedy et aI., 2001) and Schistoce-
phalus solidus (Heins, Birden, and Baker, 2010). Epizootics of these 
cestodes result from the interactions of complex biotic and abiotic 
factors (Riggs and Esch, 1987; Kennedy et aI., 2001; Heins, Birden, 
and Baker, 2010). As a consequence, much remains to be discovered 
about the forces influencing the rise, persistence, and ebb of 
outbreaks, and variation among them, notwithstanding the 2 long-
term investigations of diphyllobothriidean cestodes. 
Here, we report an investigation of the mechanisms influencing 
the duration and decline of an epizootic of S. solidus in Scout 
Lake, Alaska. We were unable to investigate any additional 
epizootic events because northern pike were illegally introduced 
into the lake within a few years following the last year of this 
study. The Alaska Department of Fish and Game subsequently 
treated the lake to remove the pike, which also resulted in the loss 
of the stickleback population. 
Heins, Birden, and Baker (2010) described 2 epizootics of S. 
solidus from Walby Lake, Alaska, based on data from 2-yr-old 
stickleback hosts; they were able to draw limited conclusions 
regarding causal phenomena of and variation in epizootics. 
Similarly, the investigation of 3 epizootics in L. intestinalis by 
Kennedy et a1. (2001) allowed limited conclusions about processes 
influencing epizootic events. In this study, we analyze infections 
of both 1- and 2-yr-old host fish to understand causal mechanisms 
and characteristics of epizootics in S. solidus better. After 
considering patterns of known epizootics in S. solidus in both 
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Scout and Walby lakes, we address processes involved in the 
epizootic in Scout Lake. We conclude with a review of the ecology 
of epizootics in both L. intestinalis and S. solidus to compile what we 
know about general mechanisms of diphyllobothriidean epizootics. 
MATERIALS AND METHODS 
Host-parasite system 
The life cycle of S. solidus, like that of L. intestinalis, includes a free-
living coracidium in plankton, a procercoid in a cyclopoid copepod, a 
plerocercoid in a fish (threespine stickleback and roach, respectively), and 
an adult tapeworm in a piscivorous bird (Smyth, 1962). Transmission of 
the parasite to each host occurs through predation. Trophic transmission 
coupled with the high degree of exploitation in host fish help to explain the 
extreme effect this parasite has on the fish host. 
Threespine sticklebacks are most likely to feed on infected copepods 
when they are small, that is, less than about 38 mm (Pennycuick, 1971b; 
Christen and Milinski, 2005). In Alaska, threespine sticklebacks reproduce 
May-June (Heins et aI., 1999) and, in Scout Lake, young fish grow to 
38 mm in about 1-1.5 yr. Previous studies have shown that new infections 
of sticklebacks occur in the spring, followed by growth of S. solidus in the 
summer (LoBue and Bell, 1993; Heins et aI., 1999). Uninfected and 
infected threespine sticklebacks may live as long as 2, and sometimes, 3 yr, 
and usually become reproductive at 2 yr of age in Alaska (Heins et aI., 
1999; Baker et aI., 2008). Thus, S. solidus may live within its fish host as 
long as 2, or more, years until the death of the host. Almost all of the 
parasite's growth occurs in plerocercoids, which use threespine stickleback 
host as a resource base for their growth. Individual plerocercoids may 
attain relatively large sizes. Multiple infections can be common, and the 
total mass of all parasites in a single host fish can be quite large relative to 
the host mass, sometimes equaling, or exceeding, host mass (Arme and 
Owen, 1967; Heins et aI., 1999; Heins et aI., 2002). 
Sampling and study site 
Collections of threespine sticklebacks were made annually in May-June 
from 1997 through 2001. Specimens were killed with tricaine methanesul-
fonate prior to fixation and storage in 10% buffered formalin, based upon an 
institutionally approved protocol. During each sampling period, fish were 
caught with the use of 5-10 standard, Gee wire-mesh minnow traps (6 mm 
each year, plus 3-mm traps in 2001) set near shore at each of2 different sites 
along I end of Scout Lake (600 32.l17'N, 1500 49.917'W), which is located in 
the northwest area of the Kenai Peninsula in the south-central region of 
Alaska. Scout Lake is situated at an elevation of75 m, with a surface area of 
38 ha and a mean depth of 4 m. Lakes in the south-central region of Alaska 
may be covered with ice from October to May (Woods, 1985). 
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Data gathering and statistical analysis 
After the standard length (SL, distance from tip of snout to base of 
caudal fin) of each fish was measured to the nearest 0.1 mm, the specimen 
was dissected to determine whether any S. solidus were present and to 
remove any plerocercoids from the body cavity. Parasites were counted 
and weighed collectively to the nearest milligram after they were blotted. 
When the parasites were too small to weigh or the total mass was less than 
I mg, the combined mass was estimated to be 0.1 mg. A parasite:host 
biomass ratio (parasite index, PI) was used as a measure of the severity of 
parasite infection. The PI was calculated with the use of the formula PI = 
(P/H), where P is the total weight of the parasites and H is the blotted mass 
of the eviscerated host (cf. Arme and Owen, 1967). PI is expressed as a 
percentage (PI X 100) for ease of understanding in the text and figures. 
Catch-per-unit-effort (CPUE) for the threespine stickleback from each 
sample was calculated as the number of fish per trap per hour. Samples 
were divided into age groups I «46-mm SL) and 2 (;:,:46-mm SL) based 
on size-frequency histograms; age group 2 may include some 3-yr-old fish 
(D. Heins, pers. obs.). This size slightly overestimated the size for 
separation of the 2 age groups in 2000. 
One objective of this study was to compare metrics of the parasite 
population among cohorts of sticklebacks, which were identified by the 
year the sticklebacks were born. We linked l-yr-old fish from I yr with 2-
yr-old fish from the next year in a cohort analysis. Combined with 
estimated age, our 5 yr of collecting produced a 2 (age) by 4 (cohort) 
matrix for analysis. Within our 2 * 4 design, we analyzed 3 metrics that 
cumulatively provide a holistic picture of the host-parasite relationship 
across our sampling period: prevalence (probability a given fish would be 
infected), PI, and mean intensity (average number of parasites per host). 
The latter 2 comparisons were made with the use of only infected fish. PI 
and parasite number were analyzed with a 2-way parametric analysis of 
variance (ANDY A), including an interaction term. In these ANDY As, age 
was considered to be a fixed effect, and cohort a random effect. F tests 
were computed with the use of Satterthwaite's procedure to produce the 
most appropriate denominator for each test; this method can result in 
fractional degrees of freedom. Because of the extremely large sample sizes 
in our study, both normality and variance equality tests produced 
significant results. Transformations failed to correct this and, in most 
instances, made the situation worse. Thus, we proceeded with analyses of 
raw PI and intensity (parasite count per host) with a statistical model that 
is quite conservative. Infection probability was analyzed with the use of a 
generalized linear model ANDY A in which the response variable was 
dichotomous (individual parasitized, or not parasitized). The logit link 
function was employed. The cohort analysis did not include the 2-yr-old 
fish in 1997 and the I-yr-old fish in 2001, although we present those data 
that support the cohort analysis. 
RESULTS 
Stickleback infections and population dynamics 
Threespine sticklebacks in Scout Lake are typically abundant 
(D. Heins, pers. obs.). A total of 2,658 sticklebacks was examined 
for this study, 1,3261 yr old and 1,3322 yr old. Sample sizes for 2-
yr-old fish are n = 377, 1997; 144, 1998; 142, 1999; 317,2000; 352, 
2001; and for l-yr-old fish the sample sizes are n = 227, 1997; 389, 
1998; 446, 1999; 201, 2000; 63, 2001. Among all these, 953 (72%) 
of the l-yr-old and 320 (24%) of the 2-yr-old sticklebacks were 
infected by S. solidus. Prevalence of infection among all fish 
ranged from 63 to 70% from 1997 to 1999 and then declined in 
2000-2001 to 14-16%. 
CPUE of all fish dropped from 1997 to 1998 largely as a result 
of a drop in the catch of 2-yr-old sticklebacks (Fig. 1). CPUE for 
all fish increased in 1999, which reflected increased catches of 
both 1- and 2-yr-old sticklebacks. Thereafter, catches of all fish 
declined in 2000 and again in 2001, because of decreasing catches 
of l-yr-old sticklebacks. CPUE of 2-yr-old fish increased from 
1999 to 2000 and 2001. 
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FIGURE 1. Relative population size of threespine sticklebacks in Scout 
Lake, Alaska, from 1997 to 2001, expressed as catch-per-unit-effort for all 
fishes (black bars), 2-yr-old fish (light gray bars), and I-yr-old fish (dark 
gray bars). 
Length-frequency histograms show that the smaller catch of 2-
yr-old fish in 1998 was largely due to reduced survivorship among 
l-yr-old hosts from 1997 to 1998 (Fig. 2). The same scenario of 
survivorship occurred 1998-1999 and 1999-2000 (Figs. 1,2). As a 
result, increasingly greater proportions of 2-yr-old sticklebacks 
were uninfected each year. Fish in the 2-yr-old class of 2000 
apparently had not grown as much as 2-yr-old fish from other 
years. Recruitment of young-of-the-year fish to age 1 was 
relatively low in 2000 and especially in 2001. 
Cohort analysis of parasite population dynamics 
Parasite prevalence: Across the 4 cohorts, l-yr-old prevalences 
ranged from 33 to 90%, and 2-yr-old prevalences ranged from 6 to 
42%. The probability of a particular fish being parasitized (parasite 
prevalence, Fig. 3) varied significantly between the 2 age groups 
(log-likelihood = -1,134.9, X2 = 803.2, df = 1, P < 0.00001) and 
across the 4 cohorts (log-likelihood = -1,021.8, X2 = 226.3, df = 3, 
P < 0.00001). On average, l-yr-old sticklebacks show nearly 5-fold 
greater probability of infection than 2-yr-old fish, and prevalence 
varies nearly 4-fold across cohorts. Despite the general congruence 
of trends for 1- and 2-yr-old fish through time, the interaction was 
highly significant (log-likelihood = -975.0, X2 = 93.7, df = 1, P < 
0.00001). The high predicted probability of infection for l-yr-old 
fish in the 1999 cohort is the major cause of the significant 
interaction (Fig. 3). The large sample sizes make comparisons 
unusually powerful for detecting even modest-sized effects. 
Parasite index: Mean PI (Fig. 4) differed significantly between age 
groups and across cohorts (ages: F\,3.16 = 33.38, P < 0.009; cohorts: 
F3,3 = 23.40, P = 0.014). Overall, PI of l-yr-old fish averaged 25.4% 
(ranging from 5.9 to 46.2% across cohorts), whereas PI of 2-yr-old 
sticklebacks averaged only 2.7% (0.5 to 13.6% across cohorts). 
Cohort means (ages pooled) ranged from 2.8 to 33.5%. Although the 
interaction test was statistically significant (F3,1070 = 2.74, P = 
0.042), Figure 4 shows there was considerable congruence across 
cohorts by 1- and 2-yr-old fish. Thus, the significant test result was 
largely due to the great power of this comparison. 
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FIGURE 2. Length frequency distributions for threespine sticklebacks 
from Scout Lake, Alaska, 1997-2001 that were, or were not, infected by 
Schistocephalus solidus. Black portions of stacked bars represent infected 
fish, and open portions represent uninfected sticklebacks. 
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FIGURE 3. Probability of infection (prevalence, ±95% confidence 
interval) by Schistocephalus solidus among cohorts of threespine stickle-
back (open circles, I yr old; filled circles, 2 yr old) from Scout Lake, 
Alaska, 1997-2001. The year of capture for the 1- and 2-yr-old fish in each 
cohort is indicated next to each plotted point. 
Parasite intensity: The pattern of the number of plerocercoids 
in individual hosts across ages and cohorts mirrored that for 
prevalence and PI in all respects (Fig. 5). Both age groups (Fj ,3.26 
= 11.35, P = 0.038) and cohorts (F3,3 = 11.38, P = 0.038) differed 
significantly in mean intensity, but there was no significant 
interaction (F3,1070 = 1.71, P = 0.16). Two-year-old fish averaged 
0.5 p1erocercoids overall (range 0.2 to 2.1 across cohorts), versus 
the 4.0 plerocercoids of 1-yr-old fish (range 0.9 to 6.4 across 
cohorts). Cohort means varied from 0.5 to 4.7 parasites per host. 
DISCUSSION 
Epizootics of Schistocephalus solidus 
The epizootic event in Scout Lake lasted at least 3 yr from spring 
1997 through spring 1999, before ending by spring 2000. Infection 
levels were also high during the first annual sample in 1996 spring 
(D. Heins, pers. obs.), but infected fish were not taken that year. In 
1997, all metrics of infection were high among l-yr-01d sticklebacks. 
Infections among young-of-the-year (O-yr-old, fry) from 1996 to 
1997 apparently were frequent, consistent with the undocumented 
observation of prevalent infections and large PIs in 1996 (D. Heins, 
pers. obs.). Thus, the epizootic persisted 4, or more, years. 
In contrast to the first of 2 epizootics observed for S. solidus in 
Walby Lake (Heins, Birden, and Baker, 2010), there was not a 
severe population crash in the threespine stickleback population 
as the epizootic came to an end. Moreover, the timing of epizootic 
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FIGURE 4. Mean parasite:host biomass ratios (parasite index, ±95% 
confidence interval) for Schistocephalus solidus infections among three-
spine sticklebacks (open circles, I yr old; filled circles, 2 yr old) from Scout 
Lake, Alaska, 1997-2001. Symbols and inset text as in Figure 3. 
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FIGURE 5. Mean intensity (±95% confidence interval) of Schistoce-
phalus solidus among threes pine sticklebacks (open circles, I yr old; filled 
circles, 2 yr old) from Scout Lake, Alaska, 1997-2001. Symbols and inset 
text as in Figure 3. 
events in Scout and Walby lakes was not synchronous. The first 
epizootic in Walby Lake ended in 1996-1998, and another one 
occurred from 1998 to 2003. Scout Lake lies about 140 air km SW 
of Walby Lake across the Cook Inlet. Thus, there appear to be 
regional geographic differences in processes of infection. 
Time of infections 
Our results allow inferences about the time of infections and 
subsequent growth of parasites in host fish, which have conse-
quences for the dynamics of the S. solidus population. Although 
threespine sticklebacks usually become infected as small fish 
«38 mm; Pennycuick, 1971b; Christen and Milinski, 2005), they 
probably do not begin acquiring infections until some time after 
hatching. Roach do not become infected by L. intestinalis until 3 mo 
after they hatch (Morrison, 1977). For young-of-the-year stickle-
backs hatching about mid-May to late June (Heins et aI., 1999), the 
earliest infections might begin occurring among individual fry about 
2 mo later (J. Baker, pers. obs.), from mid-July through late August, 
depending on the date of hatching. With ice cover beginning by 
about mid- to late October, many infections and most of the growth 
of the parasites in young-of-the-year fish likely occur under the ice 
during the autumn and winter following hatching. Roach become 
infected by L. intestinalis during the winter when they feed most 
heavily on copepods (Morrison, 1977). Consistent with this logic 
and in contrast to expectations based on the literature, high levels of 
prevalence, mean intensity, and PI of S. solidus infections in the 1-
yr-old hosts in spring samples show that the winter is indeed an 
active time for infections and growth of parasites in the first year of 
life for a cohort of sticklebacks. 
Few new infections appeared to occur among l-yr-old fish in the 
autumn-winter period before they became 2-yr-old sticklebacks. 
For each cohort, the prevalence of infections among l-yr-old fish 
was greater than among 2-yr-olds. Moreover, mean intensity 
usually was greater among l-yr-old sticklebacks in a cohort. Thus, 
most infections appeared to occur among young-of-the-year fish. As 
a result, the epizootic was most heavily dependent upon those 
factors influencing infections of fry. 
Factors influencing duration and decline of epizootic 
Analysis of parasite population metrics among age groups and 
cohorts of threespine sticklebacks shows that throughout its 
duration the epizootic was sustained by high levels of infection 
among young-of-the-year fish, leading to high levels of preva-
lence, mean intensity, and PI among l-yr-old fish. The epizootic 
did not end completely until 2000, when prevalence among all fish 
decreased dramatically, largely due to a dramatic decrease in 
prevalence among l-yr-old fish. Nonetheless, processes causing a 
decline in the epizootic began with low survivorship among l-yr-
old hosts as early as 1997-1998, and started a gradual reduction in 
infections among 2-yr-old fish. Overwinter host mortality 
resulting in low recruitment among hosts, especially among hosts 
between 1 and 2 yr of age, reduced the parasite population, which 
led to reduced transmission to O-yr fry. Thus, infections among 
young-of-the-year fish in the autumn-winter following hatching 
and survivorship of l-yr-old fish in the same cohort over their next 
winter were 2 critical stages for the continuation of the epizootic. 
Plerocercoids of S. solidus impose significant energy demands 
on host fish as they exploit the stickleback's energy reserves to 
fuel their own growth (Walkey and Meakins, 1970; Lester, 1971), 
and deleterious effects on feeding efficiency (Milinski, 1985; 
Cunningham et aI., 1994) should exacerbate the energy loss to the 
parasite. Large parasite burdens have been linked to mortality in 
host populations (Threlfall, 1968; Pennycuick, 1971a; Pascoe and 
Mattey, 1977). Thus, the mortality of hosts in this region is likely 
to be largely the result of reduced overwinter survivorship because 
of the long period during which ice covers the lakes. 
The well-documented deleterious effects S. solidus has on 
reproductive success of host fish (Heins et aI., 1999; Heins and 
Baker, 2008; Heins, Baker et aI., 2010) may have also contributed 
to the end of the epizootic. Doubtless, the more heavily infected 1-
yr-old fish would not have been able to reproduce even if they 
survived the winter to become 2-yr-old fish (Heins, Baker et aI., 
2010; D. Heins, pers. obs.). Other factors that may have played an 
unknown role at the end of the epizootic include modifications of 
behavior and morphology of host fish leading to increased 
predation by predators, whether definitive hosts or not, through 
increased buoyancy (LoBue and Bell, 1993), decreased swimming 
speed and maneuverability (Giles, 1983), and decreased respon-
siveness to predator attack (Giles, 1983; Milinski, 1984; Giles, 
1987; Tierney et aI., 1993). 
Copepod abundance has been suggested as a factor affecting 
infection levels in smaller fish (Riggs and Esch, 1987; Hoole et aI., 
2010). This possibility does not appear to have been a factor in 
this case, at least early in the decline phase, because infections of 
young-of-the-year fish remained high as the decline phase began. 
Changes in use of Scout Lake by piscivorous birds, which are 
definitive hosts for adult tapeworms, might have affected 
transmission. We do not know what species of piscivorous birds 
use Scout Lake, but studies suggest that a change in use may not 
be likely. Common loons, which nest on many lakes in the region, 
often reuse nesting areas from year to year, resulting in high site 
fidelity (Strong et aI., 1987). Moreover, adults spend >90% of 
their time on the nesting lake, whether it is fishless or contains 
small fish (Gingras and Paszkowski, 2006). A number of other 
members of the "diving carnivores" guild, including red-necked 
grebes, Bonaparte's gulls, and common and sometimes Arctic 
terns, use lakes in the region, and the status of 1 guild is largely 
concordant with the that of all aquatic bird assemblages 
(Paszkowski and Tonn, 2006). Thus, there may be some stability 
in habitat use by aquatic birds barring major perturbation at the 
lake or regional changes in avian assemblages (C. A. Paszkowski, 
pers. comm.), which we did not observe during our study period. 
The mechanisms that resulted in the sudden end of the epizootic 
with the decline in all metrics of infection among l-yr-old 
sticklebacks between 1999 and 2000 are not known. Overwinter 
mortalities of l-yr-old hosts before reaching age 2 apparently 
played a large role. Recruitment of young-of-the-year fish to age 1 
was reduced compared to other years, suggesting that the 1999-
2000 winter may have been more stressful than other winters for 
young-of-the-year and host fish. The winter of 1999-2000 
(November to March) was relatively cold, but not the coldest 
winter during this study. However, the 2000-2001 winter, also 
followed by low recruitment of fry to l-yr-old fish, was the 
warmest one during the study (D. Heins, pers. obs.). Any number 
of environmental factors may have stressed the sticklebacks and 
may have contributed to high overwinter mortalities. 
Investigations to elucidate processes involved in epizootics of S. 
solidus are in their infancy. Any 1, or more, of myriad biotic and 
abiotic factors, including their delayed effects, could influence the 
survival and transmission of S. solidus at any stage, thus affecting 
the metrics of infection. A number of factors beyond those 
already considered may also be involved at times. Ecological 
conditions could influence the survivorship of coracidia. Plero-
cercoids grow faster in faster-growing fish (Heins et aI., 2002; 
Barber, 2005). Thus, any factors affecting the growth of 
sticklebacks will influence plerocercoid growth and, hence, 
fecundity of adult worms (Wedekind et aI., 1998; Schaerer et 
aI., 2001; Luscher and Milinski, 2003). Interannual mortalities of 
host fish due to food limitation in autumn (before ice-over) or a 
longer than usual winter (before ice-oft) may vary in severity from 
year to year as parasite burden and environmental conditions in 
the fall and/or winter interact with one another. The fish host 
must be able to sustain its energetic requirements and those of S. 
solidus throughout the winter, when food and feeding activity 
presumably are reduced. The length of time that hosts are capable 
of surviving the winter is likely to vary among years and may 
occasionally be exceeded because of a longer-than-usual winter or 
poor feeding conditions in the fall. 
Review of the ecology of diphyllobothriidean epizootics 
General features appear to be common to most epizootics, 
although varying abiotic and biotic factors affecting the complex life 
cycles of L. intestinalis and S. solidus are likely to influence the 
particular characteristics of each event. Moreover, epizootics are 
inherently unstable and variable, hence unregulated (Kennedy et aI., 
2001; Heins, Birden, and Baker, 2010). As a consequence, epizootics 
reoccurring in a single locality over time manifest similar patterns 
that mask the unique details and complex biotic and abiotic 
interactions in each epizootic event (Kennedy et aI., 2001; Heins, 
Birden, and Baker, 2010). Epizootics, therefore, present a conun-
drum of deceptive simplicity concealing complexity. 
Epizootics vary in length and the rate of change in metrics of 
the parasite populations. Sometimes they begin and/or end 
abruptly, but other times the emergence and/or decline is gradual 
(Kennedy et aI., 2001; Heins, Birden, and Baker, 2010). Epizootics 
involving a very large population of adult-size hosts, coupled with 
high levels of prevalence, mean intensity, and PI among all age 
groups of fish, not just young fish, followed by a precipitous crash 
in both host and parasite populations (here named "mega 
epizootics"), appear to be distinguishable from other epizootic 
events. Moreover, mega epizootics like the first 1 of 2 events 
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observed in Walby Lake (Heins, Birden, and Baker, 2010) and the 
second of 3 epizootics observed in Slapton Ley (Kennedy et aI., 
2001) appear to represent a "perfect storm" phenomenon (Heins, 
Birden, and Baker, 2010), dependent on a particular and rare 
combination of circumstances. Thus, they may not be common. 
High densities of parasites resulting in high prevalence and intensity 
among young fish, as in this study, may limit the occurrence of 
epizootics. Less extreme and/or more gradual epizootics, like the 
one documented in this study, the second of the 2 events in Walby 
Lake (Heins, Birden, and Baker, 2010), and the first and third 
epizootics in Slapton Ley (Kennedy et aI., 2001) may be more 
common and play out in a myriad of ways because of the complex 
interacting abiotic and biotic factors influencing them. 
The emergence of epizootics in diphyllobothridean cestodes 
typically are associated with large population size (density) and/or 
rapid population growth of the second intermediate (fish) host 
(Kennedy et aI., 2001; Heins, Birden, and Baker, 2010), most 
likely because that host serves as the resource base for almost all 
of the growth of the parasite prior to reproduction in the 
definitive (bird) host. Parasitism by plerocercoids can lead to large 
declines in host population size through reduced host survivorship 
and reproductive success (Kennedy et aI., 2001; Heins, Birden, 
and Baker, 2010). Survival of hosts may be reduced directly 
through death resulting from the stress of infection and indirectly 
through debilitation or behavioral and anatomic changes arising 
from parasitic manipulation to increase transmission via preda-
tion (Kennedy et aI., 2001; Heins, Birden, and Baker, 2010). 
Mortalities of large numbers of fish within short periods of time 
have been directly linked to the stress of infections by L. 
intestinalis and S. solidus (Pennycuick, 1971a; Shields et aI., 
2002). Host reproductive capacity may also be reduced either 
directly by a parasite-driven strategy of endocrine disruption or 
indirectly through nutrient deprivation, both of which can result 
in sterility of the host (Arme and Owen, 1968; McPhail and 
Peacock, 1983; Tierney et aI., 1996; Carter et aI., 2005; Heins and 
Baker, 2008). Reductions in host fish populations due to 
parasitism are in turn the cause of declines in parasite 
populations, resulting in reduced levels of prevalence, mean 
intensity, and parasite:host mass ratios (Kennedy et aI., 2001; 
Heins, Birden and Baker, 2010). 
Kennedy et al. (2001) concluded that, when epizootics occur, 
plerocercoids exert a major influence on host population 
dynamics during the emergence of an epizootic by having reduced 
host population size, hence intraspecific competition, during a 
prior epizootic and allowing for rapid host population growth. 
They also concluded that the host population is a major 
determinant of parasite population dynamics during the decline 
of an epizootic (Kennedy et aI., 2001). The interplay of parasite 
and host may, however, result in strong reciprocal effects upon 
one another during both the emergence and decline phases of 
epizootics when cycles occur. During emergence, host population 
growth and size may be positively affected by decreased 
intraspecific competition due to mass mortalities directly or 
indirectly caused by the parasite during a prior epizootic, but the 
increase in the parasite population depends on an increase in the 
host population that is the resource base for increased metrics of 
the parasite population. Small host populations should, therefore, 
be a constraint on parasite population growth. During the decline 
of an epizootic, host population dynamics affect parasite 
population dynamics. The decrease in host population, however, 
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may be initiated by direct and indirect effects of the parasite on 
host survivorship and reproduction. Furthermore, other abiotic 
and biotic factors may influence these interactions, possibly with 
time lags, as observed in this study. 
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SPATIAL ATTACHMENT-SITE PREFERENCES OF MACROECTOPARASITES ON ATLANTIC 
STURGEONS ACIPENSER OXYRINCHUS IN MINAS BASIN, BAY OF FUNDY, CANADA 
Samantha E. M. Munroe, Trevor S. Avery*, Dave Shutler, and Michael J. Dadswell 
Department of Biology, Acadia University, 33 Westwood Avenue, Wolfville, Nova Scotia B4P 2R6, Canada. e-mail: trevor.avery@acadiau.ca 
ABSTRACT: Although parasite habitat preference is well studied, it is rarely rigorously evaluated statistically because of many zero 
intensities. Attachment-site preference and intensities of 2 macroectoparasite species (Caligus elongatus and Calliobdella vivida) of 
Atlantic sturgeon, Acipenser oxyrinchus Mitchill, in Minas Basin, Bay of Fundy, Canada, were characterized with the use of zero-
inflated negative binomial statistical models that included a fork-length offset to control for body size. Three other parasites were 
encountered, sometimes in high numbers on various body sites, but too few counts overall prevented construction of meaningful 
statistical models. Of 26 sturgeons, prevalence of (I) C. elongatus (Copepoda) was 85%, mainly on caudal fins and nonfin body sites; 
(2) C. vivida (Hirudinea) was 81 %, mainly on the pelvic and pectoral fins, and dorsal and ventral-lateral body sites; (3) Dichelesthium 
oblongum (Copepoda) was 31 % within the gills or burrowed into the musculature at the base of fins; (4) Argulus stizostethii (Crustacea: 
Branchiura) was 8%; and (5) Nitzschia sturionis (Monogenea) was 12%. Only D. oblongum was associated with visible damage, mainly 
as lesions on gills and soft tissues. Characterizing parasite prevalences within the Bay of Fundy is important because some parasites 
affect fish health and population biology. 
Parasites can cause hosts to use energy on resistance rather than 
on growth, survival, or reproduction. Fish populations in Minas 
Basin, and the Bay of Fundy, Canada, in general, are important 
economically to local communities. Although sturgeons of these 
localities have received much attention (Scott and Scott, 1988), 
their ectoparasites are poorly known (Hogans, 1985; Hogans et 
aI., 1993). Macroectoparasites of Atlantic sturgeon, Acipenser 
oxyrinchus Mitchill, have been examined in the Saint John River, 
a tributary of the Bay of Fundy (Appy and Dadswell, 1978, 1981), 
but they are unstudied in marine waters of Canada. 
Acipenser oxyrinchus occurs off the east coast of North 
America, from Labrador to the Gulf of Mexico (Dadswell, 
2006). They are the largest anadromous fish, with major spawning 
populations in the St. Lawrence River, Quebec, and the Saint 
John River, New Brunswick, Canada (Dadswell, 2006). In the 
summer, they aggregate in Minas Basin and feed in intertidal and 
subtidal localities (Wehrell et aI., 2008). 
Appy and Dadswell (1978, 1981) identified 4 macroectopar-
asites of A. oxyrinchus in the Saint John River estuary; i.e., 
Nitzschia sturionis (Monogenea) and Dichelesthium oblongum 
(Copepoda) within the gill cavity, Argulus alosa (Branchiura) on 
the integument, and Calliobdella vivida (Hirudinea) at several 
body sites. In marine environments near the Hudson River, Fast 
et al. (2009) found that 30% of A. oxyrinchus were infested by 
Caligus elongatus (Copepoda), 70% were infested by N. sturionis, 
and 93% carried D. oblongum within the gills or at fin bases. 
Dichelesthium oblongum is found exclusively on sturgeon species, 
and can decrease osmotic competence and reduce immunocom-
petence (Fast et aI., 2009). Infestations of D. oblongum are 
associated with macroscopic lesions and increased blood serum 
ion concentrations, similar to what occurs in salmon suffering 
from severe sea louse infestations (Costello, 2006). A decrease in 
osmotic competence and lower bicarbonate concentrations, 
implying metabolic acidosis, indicate that parasitism negatively 
impacts the health of A. oxyrinchus. These changes may reduce 
fish growth, survival, and fecundity (Bakke and Harris, 2004). 
Parasites have been responsible for past declines in other sturgeon 
species. For example, a widespread infestation of N. sturionis led 
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to a steep decline in fringebarbel sturgeon, Acipenser nudiventris 
Lovetsky, populations in the Aral Sea in 1935 (Bauer et aI., 2002). 
Count data follow a Poisson error distribution, but many 
ecological data sets are further complicated by extra-Poisson 
variation referred to as overdispersion (overdispersion occurs 
when variance is significantly greater than the mean) that follow a 
negative binomial distribution, a modification of the Poisson 
distribution (White and Bennetts, 1996; Long, 1997; Nodtvedt et 
aI., 2002). Poisson-distributed data with more zeros than expected 
are said to be zero-inflated and generally have additional 
overdispersion best accounted for by zero-inflated negative 
binomial (ZINB) models (Long, 1997; Warton, 2005). Zero-
inflated models determine (1) the probability that a zero is a true 
zero (parasites available, but none acquired by the host; or 
parasites were present, but do not saturate entire habitat) or a 
false zero (no parasites available during survey period, or 
parasites not detected); and (2) if it is a true zero, how to model 
it correctly (Martin et aI., 2005). ZINB models properly address 
the probability of a zero count where both negative binomial and 
logistic processes are working (Nodtvedt et aI., 2002). Because 
parasite abundances follow negative binomial distributions (e.g., 
Nodtvedt et aI., 2002; Denwood et aI., 2008; Ziadinov et aI., 2010) 
and ZINB models have successfully analyzed zero-inflated count 
data in ecological data sets (Minami et aI., 2007; Zuur et aI., 
2009), we chose Poisson-based modeling over inferior nongeneral 
linear model approaches (see Wilson and Grenfell, 1997). 
Analysis of count data requires a stepwise approach to determine 
first what levels of overdispersion, zero inflation, or both exist, 
and second, selection of a model that best describes relationships 
between response and explanatory variables. 
We recorded the site and number of visible ectoparasites on A. 
oxyrinchus in Minas Basin to determine parasite attachment site 
prevalence through statistical modeling. Sturgeons were also 
evaluated for visible signs of infestation. Characterizing A. 
oxyrinchus macroectoparasites will increase our understanding 
of sturgeon biology, and potentially aid in management and 
conservation. 
MATERIALS AND METHODS 
Study localities 
The Bay of Fundy is an embayment of the Atlantic Ocean situated 
between Maine and the provinces of Nova Scotia and New Brunswick. 
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FIGURE 1. Frequency of parasite counts for Caligus elongatus, 
Calliobdella vivida, and Dichelesthium oblongum from 26 sturgeon X 9 
body locations (total n = 234). 
Minas Basin is connected to the inner Bay of Fundy by the Minas Channel 
and penetrates into northwest-central Nova Scotia. Most of the basin is 
less than 25 m deep with a mean low water depth of 14.6 m and a mean 
high water depth of 20.9 m (Bousfield and Leim, 1958). At low tide, mud 
and sand flats can be 1-3 km wide; Atlantic sturgeon and other fishes 
come to these habitats to forage at high tide (Bleakney and McAllister, 
1973). Tidal currents range between 3 and 6 m/sec and are driven by 2 
clockwise gyres, one offshore of Five Islands, and a stronger one in the 
Southern Bight (Rulifson et aI., 2008). 
Sturgeons (Acipenser oxyrinchus) were collected from 2 commercial 
intertidal fish weirs in Minas Basin in the Bay of Fundy, Canada, i.e., Five 
Islands (45.394°N, 64.099°W) and Walton (45.232°N, 66.025°W), Nova 
Scotia. Salinity at each weir locality is historically near 30 ppt (Bousfield 
and Leim, 1958) but the Walton weir is located near shore and may receive 
freshwater input from Walton River, additionally lowering salinity during 
collections that occur at low tide. Fishing weirs were V shaped, with the 
apex furthest from shore and the wings facing the shore (Gordon, 1993). 
Netted fencing was stretched between wooden stakes approximately 2-3 m 
tall, and brush (usually spruce), boulders, and sandbags lined the base of 
the fence. A pool at the apex of the V of each weir retained water at low 
tide from which fish were collected and examined. 
Parasite collection 
The Five Islands weir was visited 39 times during every low tide between 
24 May 2009 and 12 June 2009. The Walton weir was visited on 13 May, 
20 May, and 78 times (low tides) between 15 June and 5 August 2009. 
Weirs were visited for 30-120 min during each low tide. Each sturgeon's 
posterior was lifted into the air while the sturgeon was still within the pool. 
Parasites on the sturgeon's ventral side were viewed and counted prior to 
the sturgeon's extraction from the water, because extraction may have 
caused parasite removal in this site. Large sturgeons were removed from 
weir pools by tightening a polyester rope lasso around the caudal peduncle 
and hauling them ashore. The caudal fin, dorsal fin, dorsal side (area 
above ventral lateral scutes), ventral lateral side (the area below the ventral 
lateral scutes and above the ventral scutes), ventral side, pelvic fins, 
pectoral fins, anal fin, and the gills and gill chamber were examined for 
parasites. Parasites from external body sites and gills were collected with 
tweezers and preserved in 70% ethanol. The identity and number of 
parasites from each site for each host were recorded, along with the mass, 
total length, and fork length of the host. Sturgeons were then released into 
the catch pool or receding waters. Handling of fish was governed by 
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FIGURE 2. Frequency distribution of pooled parasite intensity for 
Acipenser oxyrinchus surveyed from Five Islands and Walton. 
protocols approved by the Acadia Animal Care Committee that operates 
under the guidelines of the Canadian Council on Animal Care. 
Model fitting and analysis 
Parasite count data followed a Poisson distribution (Fig. 1) with a large 
number of zeros. Therefore, a ZINB model following Zuur et al. (2009) was 
used to test for differences among body sites for both C. elongatus and C. 
vivida. Observation and fitted count distributions were visualized, and all 
analyses were completed with the use of R version 2.81 (R Development 
Core Team, 2008). Model selection was done with likelihood ratio tests in 
package lmtest (Zeileis and Hothorn, 2002) and Akaike Information 
Criteria (AIC) values. ZINB models were created with the use of package 
pscl (Zeileis et aI., 2008). Poisson, quasi-Poisson, and zero-inflated Poisson 
(ZIP) models were overdispersed and had AIC values considerably greater 
than ZINB models. Fork length was used as a model offset to account for 
changes in fin and body site surface area. Body site surface areas scale with 
fork length and, thus, fork length provides a surrogate measure of surface 
area. Therefore, the fork-length offset is used as a spatial "rate," just as time 
is commonly employed to scale counts to counts per unit time, i.e., temporal 
rates, to account for exposure (Lee et aI., 2001; Zuur et aI., 2009). In cases 
where no parasites were found on a particular body site for all sturgeons, 
those body sites were excluded from modeling because their model estimates 
and associated standard errors were nonsensical when included. Their 
exclusion did not change model estimates, standard errors, or P values for 
remaining body-site comparisons. Differences among body sites were 
compared with general linear hypothesis tests using glht within package 
multcomp (Hothorn et aI., 2008) with a familywise error rate of 0.05. Catch 
locality (Walton or Five Islands) was also included as a factor and when not 
significant, locality data were pooled. Values are reported as means ± 
standard deviations (SD) unless otherwise noted. 
RESULTS 
Ten sturgeons were caught at Five Islands and 16 at Walton, 
with mean fork length of 140 ± 31 cm and mean weight of 17 ± 
10 kg. All sturgeons were infested by at least 1 parasite in at least 
1 body site with the majority having <20 macroectoparasites 
(Fig. 2). Overall, 85% of sturgeons were infested by C. elongatus. 
81 % by C. vivida, and 65% had both; all of the sturgeons had at 
least I of these species. Three other macroectoparasites were 
found, but there were fewer of these and they were found on 
relatively few sturgeons. Prevalence of D. oblongum was 31 %, 
with a total of 30 parasites retrieved, and 57% on gills, 27% on 
pectoral fins, 10% on dorsal fins, and 6% on caudal fins. For N. 
sturionis, prevalence was 12%, with a total of 4 parasites retrieved, 
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FIGURE 3. Observed (A) and zero-inflated negative binomial model of expected (B) Caligus elongatus counts on Acipenser oxyrinchus. For expected 
counts, body sites were pooled across 2 capture localities, and fish size (fork length) was accounted for within the model. In (B), mean counts (diamonds) 
and median counts (circles) are included from the data (A) for comparison. Circles in (A) are outliers. Body sites in (B) that share letters did not have 
significantly different parasite counts. 
and 75% on ventral-lateral sites, and 25% on gills. For A. 
stizostethii, prevalence was 8%, with a total of 3 parasites 
retrieved, 33% on caudal fins and 33% on dorsal and 33% on 
ventral body sites. A total of 429 individual parasites was 
collected from all sturgeons. 
Caligus elongatus were found only on flat and exposed body 
surfaces. Infestations were not associated with visible signs of 
damage typical of this species' feeding behavior (Costello, 2006). 
Abundances ranged from 0 to 85 parasites per sturgeon (mean = 
10 ± 17). Because counts of C. elongatus for both gills and pelvic 
fins were zero for all sturgeons examined, these body sites were 
not included in model fitting. Catch locality (Five Islands or 
Walton) did not significantly affect the model fit (P = 0.27), so 
locality data were pooled. Median counts of C. elongatus were all 
o except for the caudal fin and ventral-lateral body sites, whereas 
mean counts were higher, indicating that data were highly skewed 
toward low counts (Fig. 3A). After accounting for body size, 
predicted numbers of C. elongatus were significantly lower on 
anal, dorsal, and pectoral fins, and higher for caudal fins and for 
nonfin sites including dorsal, ventral, and ventral-lateral sites 
(Fig. 3B, Table I). Anal, dorsal, and pectoral fins had no more 
than 3 parasites on any individual sturgeon, whereas caudal fins 
and nonfin sites had wider count ranges, with comparatively high 
counts for some individuals. Ours are the first records of C. 
elongatus on Atlantic sturgeons in the Bay of Fundy region. 
Calliobdella vivida were also only found on flat and exposed 
surfaces of sturgeons, but there were no observable signs of 
damage associated with their attachment. Abundances ranged 
from 0 to 19 parasites per sturgeon (mean = 5 ± 6). Because C. 
vivida counts for gills were 0 for all sturgeons examined, this body 
site was not included in the model fitting. Catch locality did not 
significantly affect model fit (P = 0.26), so localities were pooled. 
As was the case for C. elongatus, data were skewed toward low 
counts (Fig. 4A). After accounting for body size, predicted 
numbers of C. vivida were significantly lower for anal and dorsal 
fins and ventral body sites (these 3 sites were not significantly 
different from each other), compared with pectoral and pelvic 
fins, and dorsal and ventral-lateral body sites (these 4 sites were 
not significantly different from each other) with caudal fins not 
significantly different from anal and dorsal fins, and dorsal, 
ventral and ventral-lateral body sites (Fig. 4B, Table II). 
TABLE I. Differences (P) between pairs of body sites from a zero-inflated 
negative binomial model for Caligus elongatus; anal fin (AF), caudal fin 
and peduncle (CF), dorsal body (D), dorsal fin (DF), pectoral fins 
(PECF), ventral body (V), and ventral-lateral body (VL). 
Body site AF CF D DF PECF V 
CF <0.001 
D <0.01 0.52 
DF 0.98 <0.001 0.002 
PECF 0.23 <0.01 0.02 0.25 
V <0.01 0.46 0.88 0.003 0.04 
VL <0.001 0.18 0.05 <0.001 <0.001 0.06 
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Remaining parasite intensities were too low on individual 
sturgeon body sites to make statistical comparisons meaningful or 
to fit models. All D. oblongum were found on gills, or burrowed 
into soft tissue connecting dorsal, anal, and pectoral fins to the 
trunk of the body (Fig. 5). Overall, 77% of D. oblongum parasites 
in soft tissue and gills were male. Females, all of which were 
gravid, were only observed in gills, but the majority (58.5%) of 
parasites in gills was male. Attachment sites were associated with 
hemorrhaging lesions, which often extended through the under-
lying musculature, or were associated with loss of epithelium and 
with reduced pigmentation of tissue surrounding damaged sites. 
TABLE II. Differences (P) between pairs of body sites from a zero-inflated 
negative binomial model for Calliobdella vivida; anal fin (AF), caudal fin 
and peduncle (CF), dorsal body (D), dorsal fin (DF), pectoral fins 
(PECF), pelvic fins (PELF), ventral body (V), and ventral-lateral 
body (VL). 
Body site AF CF D DF PECF PELF V 
CF 0.24 
D 0.01 0.09 
DF 0.53 0.58 0.03 
PECF <0.01 0.04 0.71 0.01 
PELF <0.01 0.04 0.66 0.01 0.94 
V 0.55 0.55 0.02 0.97 om 0.01 
VL om 0.12 0.89 0.04 0.61 0.56 0.03 
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FIGURE 5. Distribution of Dichelesthium oblongum on Acipenser 
oxyrinchus across 9 body sites: anal fin, caudal fin and peduncle, dorsal 
body, dorsal fin, gills, pectoral fins, pelvic fins, ventral body, and ventral-
lateral body. 
Abundances ranged from 0 to 18 individuals per sturgeon, with 
60% (n = 18) of parasites on a single sturgeon (no more than 3 
parasites were found on any other sturgeon). 
Only 3 N. sturionis were found on 2 sturgeons in mouth furrows 
and, on 1 occasion, on a gill lamella; all 3 sturgeons were caught 
at Five Islands. In contrast, only 1 A. stizostethii was found on a 
caudal fin, 1 on a ventral side, and 1 on a dorsal body site, and 
only at Walton. To our knowledge A. stizostethii is a new host 
record for A. oxyrinchus (Kabata, 1988). Attachment site was not 
associated with any visible signs of damage for either parasite 
species. 
DISCUSSION 
Caligus elongatus on the caudal fin and C. vivida on the pectoral 
and pelvic fins had higher mean densities than on all other body 
sites, but parasite densities based on abundance skew the actual 
relationship due to many zeros and overdispersion. Zeros can be 
generated from at least 4 sources: (1) sturgeons were not in 
contact with parasites, and therefore acquired none; (2) there were 
no parasites to acquire within the habitats occupied by sturgeons; 
(3) parasites dropped off or were eliminated by the host before or 
following arrival in the weir; or (4) parasites were not detected by 
our sampling (see Martin et al., 2005, for a discussion). Many 
zeros skew data distributions and create room for misinterpreta-
tion of results. The zero-inflated Poisson-based models account 
for zeros and aggregated data, and attempt to form reasonable 
distributions upon which interpretation can be made with 
increased confidence. The benefits of this method outweigh other 
methods, such as normalizing data with log transformations that 
are prone to Type I errors (Wilson et al., 1996; Wilson and 
Grenfell, 1997). Interpreting measures of parasite infestations 
such as abundance or parasite density appear logical and 
representative, but these measures do not adequately account 
for zeros. In this case, parasite-density analysis does not reveal 
that dorsal, ventral, or ventral-lateral body sites are not 
significantly different than caudal fins for C. elongatus, nor does 
it reveal that dorsal and ventral-lateral areas may be just as 
important when interpreting C. vivida attachment sites. Zero-
inflated negative binomial models improve insights and robust-
ness of our interpretation of results. 
Although parasites identified in this study are common to 
marine and estuarine fishes, 2 records are firsts for the Bay of 
Fundy. Caligus elongatus is a parasite of at least 80 species of 
fishes (McDonald and Margolis, 1995; Johnson et al., 1996; 
Costello, 2006; Oines et al., 2006) and has been previously 
reported on American shad in the Saint John River (Hogans et 
al., 1993). This parasite has rasping mouthparts best adapted to 
graze host flesh and remove mucus, skin, and underlying tissues. 
Host blood is not an important part of their diet, although blood 
loss may result from high-intensity infestations. The parasite's 
streamlined shape allows water to flow easily over its body, likely 
reducing the energy required to remain attached (Tucker et al., 
2002; Costello, 2006). This parasite's distribution on A. 
oxyrinchus may be a result of the feeding mode of C. elongatus. 
Their higher densities on flat, exposed body surfaces and caudal 
fins may reflect their preference for fleshier tissues that are 
somewhat protected from currents. The distribution pattern of C. 
elongatus on A. oxyrinchus was similar to that of Lepeophtheirus 
salmonis (Copepoda), a parasite with a similar body type to C. 
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elongatus, on Atlantic salmon Salmo salar (Hogans and Trudeau, 
1989; Tucker et al., 2002). Lepeophtheirus salmonis was found 
mostly on the fins, particularly on caudal and dorsal fins. Tucker 
et al. (2002) suggested that their distribution may be due to 
hydrodynamic microhabitat selection. Fast et al. (2009) observed 
no external signs of damage associated with C. elongatus feeding 
and, similarly, were always found on lateral and partially 
protected surfaces. No osmotic imbalances were detected associ-
ated with C. elongatus feeding (Fast et al., 2009); however, C. 
elongatus intensities on A. oxyrinchus in Minas Basin were greater 
than those observed on Hudson River fishes. 
The fish leech C. vivida has a wide range of host species, 
although it appears to prefer pleuronectiform and clupeid fishes 
(Sawyer and Hammond, 1973; Appy and Dadswell, 1978; 
Burreson, 2006). These highly mobile blood feeders were attached 
to the ventral-lateral and dorsal body sites, and pelvic and 
pectoral fins on A. oxyrinchus. The pectoral and pelvic fins are 
covered in thinner skin than that on the majority of the body and, 
unlike the caudal fin, these fins have a richer blood supply (M. J. 
Dadswell, pers. obs.). Leeches may have more success feeding in 
these sites. However, high densities of C. vivida on the trunk 
suggest that hydrodynamics may be a better explanation for its 
distribution pattern (see Tucker et al., 2002). It is interesting that 
C. vivida was not found associated with the rich blood supply in 
the gills of A. oxyrinchus, especially given that these parasites are 
often found within the gills of other fish species (Sawyer and 
Hammond, 1973). Given the low gill intensities of N. sturionis and 
D. oblongum, it is unlikely that the leech was outcompeted for gill 
space. It is possible that C. vivida enters the gills via the mouth of 
other hosts, but a sturgeon's ventral mouth may be more difficult 
to enter and navigate to reach the gills. It is also possible that A. 
oxyrinchus were newly infested and that the leeches had not yet 
had an opportunity to attach to the gills, or that because 
sturgeons exhaust large amounts of sediment through their gills 
when feeding, the unprotected skin of leeches is subjected to 
substantial abrasion. 
Dichelesthium oblongum feeds on blood by burrowing into its 
fish host, and it lacks a streamlined body (Fast et al., 2009). Its 
shape facilitates burrowing into flesh. Similarly, D. oblongum are 
found on gills and tissues beneath the epidermal layers of 
sturgeon which are sites with a richer blood supply in comparison 
to other external surfaces. Tissues connecting fins to the body, 
and the gill filaments themselves, are also considerably thinner 
and more accessible than the skin surrounding the trunk of the 
body, and easier to penetrate by this parasite. The distribution 
pattern of D. oblongum on A. oxyrinchus in Minas Basin was 
similar to that reported on sturgeons from other localities. This 
parasite also infests gills of European acipenserids (Bauer et al., 
2002; Fast et al., 2009). Dichelesthium oblongum on A. oxyrinchus 
captured near the Hudson River were most often attached to the 
gills and less often attached to the mouth and the base of the fins, 
and prevalence was 3.4 times greater than what we observed in 
Minas Basin (Fast et al., 2009). Similar to Fast et al. (2009), the 
majority (67%) of copepods in the gills were gravid females, 
whereas none was observed at other sites. Fast et al. (2009) 
attributed the sex-biased density of females on the gills to greater 
accessibility to blood nutrients required by females to produce 
eggs. 
Nitzschia sturionis were not associated with visible gill damage, 
but were at lower intensities than previously described on other 
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sturgeon species. Bauer et aI. (2002) concluded that 300-400 N. 
sturionis per A. nudiventris consumed 150-200 ml of blood in I day 
and intensities of 600 parasites have been found. Fast et aI. (2009) 
found 70% of A. oxyrinchus were infested with N. sturionis and, in 
some cases, the infestation caused sloughing of skin and 
hemorrhaging on the mouth and in the gills. 
Argulus stizostethii has been recorded on a number of 
freshwater fish species in eastern Canada, including lake sturgeon, 
Acipenser fulvescens Rafinesque (Kabata, 1988). It is possible that 
A. oxyrinchus carrying A. stizostethii recently traveled from a 
nearby river, and parasites remained attached in the Walton weir 
because of reduced salinity in this locality, or parasites may have 
been carried by another host species and transferred. It may also 
be that this parasite has greater tolerance for estuarine conditions 
than is currently suspected. 
Many stocks of A. oxyrinchus in the United States have failed 
to recover substantially following years of unregulated harvesting, 
water pollution, damming of spawning rivers, and degradation of 
habitat, and the fishery in the United States is now closed (Smith 
and Clugston, 1997; Grunwald et aI., 2008). Canadian sturgeons 
do not appear to be endangered or threatened, although some 
populations may become extirpated because they are no longer 
able to access spawning rivers (Dadswell, 2006). For example, in 
Nova Scotia, a causeway continues to impede spawning in the 
Avon River, and the tidal power generating station in the 
Annapolis River may significantly increase mortality of migrating 
adults, potentially contributing to population declines (Dadswell 
and Rulifson, 1994). 
Differences in parasite assemblages of A. oxyrinchus between 
Hudson River localities and Minas Basin may be explained by 
differences in salinity. Salinity in Minas Basin is reduced 
compared to the open sea because of high freshwater inflow 
(about 20 rivers) and a long distance from the open Atlantic 
Ocean (about 200 km). Fast et aI. (2009) surveyed open ocean 
habitat, which probably had a salinity of 33 to 35 ppt. The 
estuarine condition of Minas Basin may also explain significantly 
lower intensities of N. sturionis and D. oblongum, which are 
marine parasites and would be expected to be more abundant in 
higher salinity (Beverley-Burton, 1984; Kabata, 1988). 
The future of sturgeon parasite research would be advanced by 
determining if there is a link between the health of Canadian 
sturgeon populations and parasite intensities. Fast et aI. (2009) 
determined that D. oblongum infestations could be associated with 
decreased osmotic competence in sturgeon as a result of the 
combined impact of elevated cortisol levels due to stress, large 
lesions, breached epithelia, and decreased N a + IK - -ATPase 
function. Fast et aI. (2009) found that the parasite impact may 
increase in regions with higher levels of water pollution, or where 
changes in salinity increase parasite densities. Moreover, A. 
oxyrinchus are highly migratory, and these factors wi11likely be 
important in future studies. 
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POPULATION AND INFECTION DYNAMICS OF DAUBAYLIA POTOMACA (NEMATODA: 
RHABDITIDA) IN HELISOMA ANCEPS 
Michael R. Zimmermann, Kyle E. Luth, Lauren E. Camp', and Gerald W. Esch 
Department of Biology, Wake Forest University, Winston-Salem, North Carolina 27106. e-mail: zimmmr8@wfu.edu 
ABSTRACT: Daubaylia potomaca is an unusual parasite for several reasons. Specifically, it has a direct life cycle in which it uses a 
planorbid snail, Helisoma anceps, as the definitive host. In addition, adult females have been shown to be both the infective stage and 
the only stage documented to be shed from a live, infected host. Finally, adults, juveniles, and eggs have been observed in all tissues and 
blood spaces of the host, suggesting the parasite consumes and actively migrates through host tissue. The present study examined the 
population and infection dynamics of D. potomaca in Mallard Lake, a 4.9-ha public access pond in the Piedmont region of North 
Carolina. In particular, the study examined the role of seasonality on the prevalence and mean intensity of infection of D. potomaca in 
the snail host. Data collected from August 2008 to October 2009 suggest that prevalence and mean intensity were inversely related in 
the spring and fall. Prevalence in fall 2008 was 10.3% but increased to 47.3% in spring 2009. Conversely, intensity was high in fa1l2008 
at 52.4 ± 8.9 worms/infected host but dropped to 3.1 ± 0.3 worms/infected host in spring 2009. During the same time, the parasites 
within the snails went from highly aggregated populations in the fall to a less aggregated distribution in the spring. It is hypothesized 
that D. potomaca induces mortality of the snail hosts during the winter, followed by a rapid recruitment event of the nematodes by the 
snail population after torpor. 
The cephalobid (Rhabditida) nematodes include both free-
living species, as well as several species that are parasitic, i.e., 
Daubaylia spp. Rhabditids commonly have associations with 
molluscs, which serve as paratenic, intermediate, or definitive 
hosts (Grewal et aI., 2003). There are 3 types of relationships the 
nematodes can have with molluscan hosts. Thus, some juveniles 
develop within the host, whereas adults are free-living or parasitic 
on a vertebrate host; in others, a molluscan host is required for 
entire life cycle, resulting in limited pathology; or a molluscan 
host is required for the entire life cycle, and ultimately kills the 
host. 
Daubaylia potomaca, first described by Chitwood and Chit-
wood (1934), is a parasitic nematode of planorbid snails that 
exhibits an unusual life cycle. The adult female is the infective 
stage and is the only stage shed from the snail host. Furthermore, 
the emergent adult females are solely responsible for the infection 
of subsequent snail hosts. After infection, all developmental 
stages of the parasite, ranging from larval stage 3 to adult, can be 
found within the snail host at any given time (Zimmermann et aI., 
2011), with the complete life cycle from egg to adult taking 
approximately 10 days (Chernin, 1962). 
The work of Chernin et a1. (1960), primarily with Biomphalaria 
glabrata, revealed that D. potomaca was found in nearly all tissues 
and blood spaces within the host, with the most concentrated 
infections found in the heart, blood sinuses, kidney, rectal ridge, 
and foot musculature of the snail. However, aside from local 
destruction by nematode migration, no identifiable pathology was 
produced by the parasites (Chernin et aI., 1960). A set of 
experimental infections was performed to determine whether 
mortality in B. glabrata could be induced by D. potomaca 
infections. In 53 snails that recruited the nematodes, all died 
within 44 days of exposure, with an average survival time of 
33 days (Chernin, 1962). Emergent adult females were recovered 
from 52 of the 53 individuals of B. glabrata infected with the 
nematode. Post-mortem necropsy showed that all of the snails 
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were heavily infected, including a single snail that did not produce 
emergent nematodes (Chernin, 1962). 
Although several important details on the life cycle of D. 
potomaca were determined by Chernin et a1. (1960) and Chernin 
(1962), work with the parasite was abandoned until Camp (2007). 
Six additional Daubaylia species have been described from snails, 
including D. dewiti (Shuurmans Stekhoven, 1956), D. elegans 
(Honer and Jansen, 1961), D. malayanum (Sullivan and Palmieri, 
1978), D. helicophilus (poinar and Richards, 1979), D. olsoni 
(Poinar, 1984), and D. pearsoni (Anderson and Bartlett, 1993). 
However, neither the population nor infection dynamics of these 
parasitic nematodes has been elucidated in a natural setting or in 
their natural hosts. The present study is aimed at explicating the 
seasonal dynamics of D. potomaca in a natural population of 
Helisoma anceps. 
MATERIALS AND METHODS 
Study site 
Mallard Lake (36°00'03"N, 800 24'07''W), located in the Piedmont 
region of North Carolina, is a 4.9-ha body of water in Forsyth County. 
The dominant snail species in the lake is H. anceps, but there are also 
populations of Menetus dilatus, Physa acuta, and Pseudosuccinea 
columella. 
Collection procedures 
Helisoma anceps snails were collected weekly, primarily by dip-netting 
within 1 m of the shoreline, over the following intervals: September 
through November 2008 and March through October 2009. A single 
collection was performed in March 2010. Similar collections were 
performed from September through November 2005 and March through 
October 2006 (Camp, 2007). 
Isolation and characterization of parasites 
The snails were isolated in 55-mm finger bowls in aged tap water. After 
48 hr, each finger bowl was examined for the presence of cercariae and 
emergent D. potomaca. The number and sex of the nematodes shed were 
determined for each snail. A majority of the snails was dissected 2 days 
after isolation, but occasionally some were necropsied up to 1 wk after 
isolation. Continual monitoring of shed nematodes was performed during 
this time. For each snail collected, the following information was 
recorded: shell length (to the nearest 0.05 mm), nematode infection status, 
number of nematodes present, sex of nematodes, and number of emergent 
adult nematodes. 
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FIGURE I . Adult Daubay/ia pOLOmaca from He/isoma anceps, Brightfield micrographs. (A) Adult female D. potomaca. (B) Tail of adult female D. 
potomaca with defined hook. (C) Adult male D. potomaca. (D) Tail of adult male D. pOLOmaca with gubernaculum and spicule. 
All nematodes were dissected from host tissues, counted, sexed, and 
preserved in 95% ethanol. For each snail, both emergent nematodes and 
all nematodes remaining in snail tissue were enumerated. Daubay/ia 
potomaca were sexed using tail morphology as the diagnostic characteristic 
(Chitwood and Chitwood, 1934). Female D. potomaca have a defined 
hook and males have a widened tail, with a gubernaculum and spicule 
(Fig. 1). 
Survival experiment 
In April 2009, both infected (69) and uninfected (31) snails from 
Mallard Lake were isolated in 55-mm finger bowls and fed a mixture of 
algae and TetraMin fish food. The snails were checked daily for the 
presence of shed nematodes until 7 days post-mortem when the snails were 
dissected to check for any remaining D. poLOmaca that were not shed from 
the snail. The number of days the nematodes were shed before death, as 
well as the number of days the snails survived, was recorded. 
Statistical analysis 
Using the terminology of Bush et al. (1997), the population structure 
was described in terms of prevalence, mean intensity, and mean 
abundance. Although snail collections were performed weekly, data were 
compiled and analyzed monthly to account for sample size differences 
between weeks and differences in prevalence and mean intensity of D. 
potomaca in different quadrants in Mallard Lake (Zimmermann, 2010). 
Kruskal--Wallis tests were used to compare mean abundances and mean 
intensities of D. potomaca infections among months, due to the data 
failing the Fmax test of normality. Tukey- Kramer honestly significant 
difference (HSD) tests were used to compare the mean size of snails across 
various months. Chi-square analysis was used to compare the prevalence 
of D. potomaca infections, gravid females, and juveniles across months. 
Aggregation of D. potomaca in H. anceps each month was quantified usin~ 
the variance to mean ratio, and the corrected moment estimate k, (k = [m 
- (i/n)/(s2 - m)], where m is sample mean, i is sample variance, and n is 
sample size; Wilson et a I., 2002). Smaller values of k indicate aggregation 
and larger values (>-20) represent convergence on the Poisson 
distribution. Survival analysis was performed by comparing the survival 
curves using a log-rank test. All statistical analyses were conducted using 
SPSS 18.0 (SPSS Inc. , Chicago, Illinois). 
RESULTS 
Population dynamics of H. anceps 
In all, 4,000 H. anceps were collected from September to 
November 2008 and from March to October 2009. Collected snails 
ranged in length from 1.9 to 12.5 mm. There was a significant 
increase in snail size each month from the beginning of collections 
in September 2008 (7.0 ± 0.6 mm) until April 2009 (7.9 ± 0.4 mm; 
Tukey-Kramer HSD, P < 0.05), with the exception of March when 
there was a slight decrease (Tukey-Kramer HSD, P > 0.05). A 
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FIGURE 2. Prevalence of Daubaylia potomaca infection in Helisoma 
anceps for each month of the collection period. Significant differences in 
prevalence in comparison to the previous month were observed in all 
months with the exception of November 2008 and October 2009 (chi-
square test, P < 0.05). 
significant reduction in snail size in June (5.7 ± 0.2 mm; Tukey-
Kramer HSD, P < 0.05) was followed by a significant increase in 
July (6.3 ± 0.3 mm; Tukey-Kramer HSD, P < 0.05) and again in 
September to 8.2 ± 0.6 mm (Tukey-Kramer HSD, P < 0.05), 
before declining to 7.8 ± 0.6 mm in October. 
Infection dynamics of D. potomaca in H. anceps from 
Mallard Lake 
Prevalence, intensity, and variance to mean ratio changes 
with time: Prevalence in November 2008 was 10.3%, followed 
by a nearly 5-fold increase to 47.3% in March 2009 (Fig. 2). 
Prevalence continued to increase until it reached a peak of 82.5%, 
followed by a dramatic decrease in prevalence to 25.0% in June. A 
single collection in March 2010 revealed a similar increase in 
prevalence compared with that of the previous year. The observed 
trends in prevalence confirmed the findings of Camp (2007). 
The mean intensity of D. potomaca in November 2008 was 12.8 
± 2.4 and decreased significantly to 3.1 ± 0.3 the following 
FIGURE 3. Mean intensity and mean abundance of Daubaylia 
potomaca in Helisoma anceps for each month of the collecting period. 
Error bars represent the SEM. Significant differences in mean intensity 
compared with the previous month were observed in all months except 
November 2008 and August 2009 (Kruskal-Wallis, P < 0.05). Significant 
differences in mean abundance compared with the previous month were 
observed in all months except November 2008, March 2009, October 2009, 
and March 2010 (Kruskal-Wallis, P < 0.05). 
TABLE 1. Variance to mean ratio and corrected moment estimate of k of 
Daubaylia potomaca in Helisoma anceps each month in Mallard Lake. 
Month Yr n Variance:mean Aggregation (k) 
September 2008 129 65.9 0.78 
October 2008 206 413.6 O.oI 
November 2008 281 28.0 0.44 
March 2009 243 3.8 1.11 
April 2009 507 17.0 0.36 
May 2009 599 108.4 0.42 
June 2009 775 76.1 0.22 
July 2009 526 12.0 0.46 
August 2009 337 21.9 0.40 
September 2009 216 125.2 0.36 
October 2009 181 618.6 0.14 
March 2010 50 6.1 2.40 
March (Fig. 3). However, the mean abundance during this same 
period showed no change, despite the large differences in 
prevalence (Fig. 3). The mean intensity of D. potomaca increased 
to 45.6 ± 2.1 in May 2009, before dropping significantly in June 
(16.7 ± 1.2) and July (504 ± 004). A single collection in March 
2010 revealed a significant decrease in the mean intensity to 12.5 
± 2.2. The mean abundance did not differ significantly between 
October 2009 and March 2010. 
The variance of D. potomaca infections underwent a great deal 
of fluctuation throughout the experiment. There were only 3 mo 
throughout the course of the study that exhibited a variance 
below 100. These included March 2009 (11.7), July 2009 (61.1), 
and March 2010 (76.5). These months also corresponded to the 3 
lowest variance:mean values observed in the study (3.8, 12.0, and 
6.1, respectively; Table I). The k value showed that nematodes 
were overdispersed in the snail population every month of the 
study, with only March 2009 and March 2010 having values 
exceeding 1, indicating reduced aggregation. 
Tissue dissections: Tissue dissections of H. anceps revealed both 
adults and juveniles of both sexes, with many adult female D. 
potomaca being gravid. The prevalence of gravid females in 
October 2009 was low (10.6%) and increased 6-fold in March 
2010 to 63.4% (X2 = 176.1, P < 0.001). Similarly, significant 
increases were observed (X2 = 5048, P < 0.019) in the prevalence 
of juveniles inside the snail hosts from 6.0% in October 2009 to 
11.5% in March 2010. 
Survival experiments: In all, 101 snails were used for these 
experiments; 69 were infected with D. potomaca and 32 were 
uninfected. On average, snails infected with D. potomaca lived 
24.5 ± 9.0 days (range, 4-49 days) in the laboratory. Snails that 
were not infected with D. potomaca lived an average of 30.7 ± 
9.7 days (range, 18--49 days) in the laboratory. Survival analysis 
showed that uninfected snails lived significantly longer than 
infected snails (log-rank test, P < 0.008; Fig. 4). The mean 
intensity of D. potomaca in infected snails in this experiment was 
136.2 ± 2604 (range, 1-1,337), but there was not a significant 
correlation between the intensity of infection and survival (R2 = 
0.026, P = 0.096). 
DISCUSSION 
The distribution of D. potomaca in snails varied over time. 
There were 2 specific periods in the study in which large changes 
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Number of Davs Alive 
FIGURE 4. Survival curves of uninfected and infected snails with 
Daubaylia potornaca. 
in prevalence and mean intensity of D. potomaca infection were 
evident. The first was in June, when there was a significant 
decrease in both prevalence and mean intensity; and the second 
was during the winter, when a drop in mean intensity was coupled 
with an increase in prevalence. In June, the significant decreases in 
both prevalence and mean intensity are most likely the result of 
the turnover of the snail population. Turnover is the result of the 
death of the previous year's cohort, coupled with the recruitment 
of new snails into the population (Crews and Esch, 1986). A 
significant decrease in snail size from May to June is indicative of 
snail turnover as the larger snails begin to die off and the smaller 
snails from the new cohort become more abundant. Larger snails 
tended not only to harbor larger populations of D. potomaca but 
also at a higher prevalence (data not shown; Camp, 2007), 
presumably due to their older age and longer exposure to 
potential nematode infection. The elimination of these highly 
infected hosts most likely led to the declines in prevalence and 
intensity in June. In addition, snails smaller than 4.00 mm were 
not naturally infected by D. potomaca (Camp, 2007; Zimmer-
mann, 2010), and there is a delay in the infection of the new 
cohort, further enhancing declines in prevalence and mean 
intensity of D. potomaca. 
From fall to spring in both sampling periods, there was nearly a 
5-fold increase in prevalence of infection with a concomitant 
decrease in mean intensity and little change in mean abundance. 
This indicates a shift from high aggregation to one that is 
approaching a more random distribution in the snail population. 
In addition, tissue dissections revealed significant increases in 
both the prevalence of gravid female D. potomaca and the 
prevalence of juvenile nematodes. 
Helisoma spp. exhibit little to no growth in the winter (Boerger, 
1975a) as a result of winter torpor induced by cold temperatures 
(Caputa et aI., 2005), resulting in the depression of the snail's 
metabolic rate by 5--40% (Bishop and Brand, 2000). In addition, 
Helisoma spp. and many other pulmonate snails have been found 
to burrow into the substrata during the winter when temperatures 
begin to drop (Rowan, 1966; Boerger, 1975b; Olsson, 1988), 
which is an important strategy in escaping climactic extremes and 
increasing survival (Cheatum, 1934; Southwood, 1978; Olsson, 
1988). During the winter, aquatic pulmonate snails typically rely 
upon stores of carbohydrates and proteins to survive the extended 
period of inactivity (Russell-Hunter and Eversole, 1976). A study 
performed on H. trivolvis exposing the snails to a temperature of 
-8 C for 132 days, simulating winter conditions, showed the 
snails reduced their metabolic rates and experienced on average a 
50% reduction in tissue biomass and 10% mortality (Russell-
Hunter and Eversole, 1976). Although the mortality was not 
exceptionally high, an increased level of stress and mortality was 
observed in simulated winter conditions. 
Laboratory experiments showed the survival time of H. anceps 
was significantly reduced when infected with D. potomaca. 
However, the longevity of snail survival in laboratory conditions 
was severely reduced in comparison with the natural cycle in the 
wild. This was thought to be the result of multiple factors. First, 
the experiment was conducted in April. Data from the current 
experiment showed that turnover of the snail population occurred 
in June, which meant the snails were only going to live 
approximately 2 mo after initial isolation, regardless of laboratory 
conditions. Also, laboratory conditions are thought to be highly 
stressful for snails. Despite clean water and food provided daily, 
there was a good deal of manipulation of the snails, coupled with 
a small environmental space that adds stress for the snails. 
Nevertheless, similar experiments performed by Chernin (1962) 
found similar results in which 98.1 % of infected snails died within 
44 days post-exposure to D. potomaca. Despite significant 
deviations from normal survival times of snails, the results of 
the survival experiments were not thought to be confounded. All 
snails involved in the experiment were from Mallard Lake, were 
from the same cohort (all of similar size), and they were all 
subjected to exactly the same laboratory conditions, yet they 
yielded significantly different results. 
In the current study, large decreases in the mean intensity of D. 
potomaca infection, coupled with similar decreases in the number 
of echinostome metacercariae (data not shown; Zimmermann, 
2010) during the winter, indicated that snail mortality of the 
heavily infected hosts occurred during the winter. We hypothesize 
that the stress caused by D. potomaca infection, compounded by 
the added stress of cold water temperatures and lack of feeding 
during the cold months, caused an increase in host mortality. The 
notion of parasite-induced mortality also was supported by the 
experiments performed in laboratory, which showed that unin-
fected snails lived significantly longer than snails infected with D. 
potomaca. 
Parasite-induced mortality of aquatic snails by trematode 
parasites has been well documented (Fernandez and Esch, 1991; 
Fredensborg et aI., 2005), but there have been no reports showing 
the same impact by a nematode parasite. Increased host mortality 
caused by D. potomaca results in many D. potomaca leaving dead 
snails, potentially leading to a large recruitment event. Daubaylia 
potomaca was found to have negative effects on host survival 
(Fig. 4), and adult females that are shed from the snail host not 
only have the capability but also the necessity to subsequently 
infect new hosts to proliferate and complete their life cycles 
(Chernin, 1962; Zimmermann et aI., 2011). Furthermore, signif-
icant increases in the prevalence of gravid females and juveniles 
found in host tissue in the spring provide a reasonable 
explanation for the increased prevalence and reduced aggregation 
of the nematodes in their hosts after the winter. 
In summary, parasite-induced mortality in the winter followed 
by a large recruitment event of D. potomaca by H. anceps in the 
early spring explains the unusual seasonal infection dynamics of 
the nematode. In addition, the change from aggregation to those 
approaching a random distribution of D. potomaca in their hosts 
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further supports the notion of re-colonization due to mortality of 
heavily infected snails. 
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A NEW SPECIES OF IXODES (ACARI: IXODIDAE) FROM SOUTH AFRICAN MAMMALS 
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ABSTRACT: A new tick species belonging to the African subgenus Afrixodes Morel, 1966, namely, Ixodes (Afrixodes)fynbosensis n. 
sp., is described. The female of l. fynbosensis is easily differentiated from the other African Ixodes species by a large, tapering triangular 
ventrolateral spur on palpal segment 1. Nymph and larva of l. fynbosensis can be distinguished from those of other members of 
Afrixodes by a combination of the following characters: pointed hypostome, long auriculae, long and acute ventrolateral projections of 
basis capituli of nymph, only 2 pairs of central dorsal setae, and a straight posterior margin of scutum of the larva. Cytochrome 
oxidase I mtDNA sequence comparisons between l. fynbosensis and 10 other Ixodes Latreille, 1795, species support the recognition of 
this taxon as genetically distinct (> 13% corrected sequence divergences separate it from the remainder of the 10 recognized species used 
in this study), and preliminary phylogenetic analyses reveal that this taxon is most closely related to the southern African Ixodes pilosus 
Koch, 1844, and Ixodes rubicundus Neumann, 1904. Ixodes fynbosensis is known only from South Africa, where females have been 
collected from a domestic dog and a rodent, Rhabdomys pumilio (Sparrman), and nymphs and larvae have been collected from R 
pumilio and unidentified shrews belonging to the Soricidae. Sequences generated for both nymphs and adult individuals were identical, 
confirming the correlation between the described life stages. 
There are currently approximately 60 species in the subgenus 
Afrixodes Morel, 1966, of the genus Ixodes Latreille, 1795 
(Clifford et al., 1973; Camicas et al., 1998). Many of these species 
have been inadequately studied, and several are known only from 
a few specimens or a single female. The larva and nymph have 
been described for only 12 species, only the nymph of another 5, 
and only the larva of a further 4 species. Camicas et al. (1998) 
stated that the nymph and larva of Ixodes nairobiensis Nuttall, 
1916, and of Ixodes rasus Neumann, 1899, and larva of Ixodes 
lewisi Arthur, 1965, had been described, but we could not find 
references to substantiate this assertion. 
The diagnostics of the African Ixodes species are in many 
respects complicated, mainly because several of the descriptions of 
adults and those of the majority of the immature stages are in 
essence too schematic (Arthur, 1965). Because of this, it is very 
difficult to trace relationships between the species in the Afrixodes 
subgenus. 
A new species belonging to this subgenus of Ixodes has recently 
been discovered in the southwestern Fynbos biome in South 
Africa, and the female and both immature stages are described 
here. Mitochondrial DNA data were used to authenticate the 
description and the association between the nymphs and adult 
individuals. All stages parasitize a species of murid rodent, some 
females infested a domestic dog, and the larvae and nymphs also 
infest shrews belonging to the Soricidae. 
MATERIALS AND METHODS 
The material examined for the description of the taxon is summarized in 
Table I. Only field-collected ticks were studied. The association between 
the stages has been made by means of morphological and molecular 
analyses and indirect data. The specimens that were examined are 
deposited in the United States National Tick Collection (USNTC) (James 
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H. Oliver, Jr. Institute of Arthropodology and Parasitology, Georgia 
Southern University, Statesboro, Georgia) and 1. G. Horak tick collection 
(IGHTC) at the Department of Veterinary Tropical Diseases (Faculty of 
Veterinary Science, University of Pretoria, Onderstepoort, South Africa). 
Some of the paratypes will be deposited in the collections of the Zoological 
Institute, Russian Academy of Sciences (St. Petersburg, Russia), and the 
Gertrud Theiler Tick Museum of the Onderstepoort Veterinary Institute 
(Onderstepoort, South Africa). 
The female and the immature stages were mounted on glass slides and 
examined using light microscopy; the female was also examined using 
stereomicroscopy. The spiracular plates of the nymph were studied using 
scanning electron microscopy. The spiracular plates of the female have not 
been illustrated to reduce the chances of damaging the specimens. 
Measurements for the female are given in millimeters (mm), and those 
for the immature stages in micrometers (11m). The measurements are 
arranged as follows: minimum-maximum (average; n = number of 
specimens measured). 
The molecular research was based on an analyses of 600 bp of 7 Ixodes 
COl mtDNA sequences obtained from Genbank (Ixodes turdus Nakatsuji, 
1942: AB23 1668; Ixodes acutitarsus (Karsch, 1880): unpublished 
ABI05166; Ixodes ovatus Neumann, 1899: AB231670; Ixodes vespertilionis 
Koch, 1844: AB231667; Ixodes pavlovskyi Pomerantzev, 1946: AB231669; 
Ixodes granulatus Supino, 1897: AB231673; Ixodes monospinosus Saito, 
1968: AB231672; Mitani et aI., 2007) and 5 additional newly generated 
sequences (Ixodes rubicundus Neumann, 1904: GU437875, Ixodes pilosus 
Koch, 1844: GU437874, Ixodes bakeri Arthur & Clifford, 1961: 
GU437873, Ixodes fynbosensis n. sp. adult: GU437876, and Ixodes 
fynbosensis nymph with an identical sequence to the adult) obtained from 
the IGHTC. Total genomic DNA was extracted using standard 
procedures as specified by the DNeasy Kit (Qiagen, Hilden, Germany), 
and standard PCR was performed using the LC01490 and HC02198 
primers as published by Folmer et al. (1994). BigDye (Applied Biosystems, 
Foster City, California) chemistry was used for sequencing, and sequences 
were manually aligned. GTR-corrected sequence divergence values and 
phylogenetic reconstruction (parsimony searches) were performed in 
PAUP*4blO (Swofford, 2002). 
DESCRIPTION 
Ixodes (Afrixodes) fynbosensis n. sp. 
(Figs. 1-7) 
Female (Figs. 1-2): Idiosoma (Figs. 1, 2A): Sub-oval, widest at level 
of spiracular plates; length from scapular apices to posterior body 
margin 2.26-2.42, breadth 1.32-1.42, 1.70--1.71X as long as broad (1 
unengorged and 1 slightly engorged specimens measured). Scutum 
(Fig. 1): Long, outline broadly rounded, length 1.54-1.64, width 0.98-
1.02, 1.57-1.6IX as long as broad. Lateral carinae distinct, divergent, 
not reaching posterior margin; cervical grooves indistinct, superficial. 
Punctations very small and shallow, evenly distributed over scutum. 
Setae numerous and moderately long, some slightly shorter than those 
on alloscutum; distributed as figured. Alloscutum (Fig. I): As illustrated. 
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FIGURE 1. Ixodes (Aji-ixodes) fynbosensis n. sp., female dorsally. Bar = I mm. Leg segments from femur to tarsus are omitted. 
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FIGURE 2. Ixodes (Afrixodes) fynbosensis n. sp., female ventrally. (A) Totally. Bar = I mm. (B) Hypostome. Bar = 0.4 mm. Leg segments from femur 
to tarsus are omitted. 
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FIGURE 3. Ixodes (Afrixodes) fynbosensis n. sp., nymph dorsally. Bar = 400 11m. Leg segments from femur to tarsus are omitted. 
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FIGURE 4. Ixodes (Afrixodes) fynbosensis n. sp., nymph ventrally. Bar = 400 Iilll. Leg segments from femur to tarsus are omitted. 
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TABLE I. Ixodes (Afrixodes) fynbosensis n. sp., material examined. 
No. of ticks' 
9 N L Host (no. of animals) Localityt Date Collector Accession no. 
2 Domestic dog (I) Cordoba December 2004 C. Keet RML 124420 
60 336 Rhabdomys pumilio (51) Cordoba 6 November 2004 S. Matthee IGHTC 
2 25 R. pumilio (9) Cordoba 14 March 2007 S. Matthee IGHTC 
20 R. pumilio (11) De Hoop 8 May 2006 S. Matthee IGHTC 
57 213 R. pumilio (38) De Rust 8 October 2003 S. Matthee RML 124315 
109 179 R. pumilio (40) Helderberg 8 December 2003 S. Matthee IGHTC 
12 R. pumilio (4) Hottentotsholland 26 November 2003 S. Matthee IGHTC 
6 34 R. pumilio (17) Jonkershoek 4 September 2004 S. Matthee IGHTC 
4 62 Shrew (2) Jonkershoek 1 October 2004 S. Matthee IGHTC 
2 62 R. pumilio (18) Zevenwacht 3 November 2004 S. Matthee IGHTC 
3 260 923 Total 
* L, larvae; N, nymphs. 
t All localities in Western Cape Province, South Africa. 
Setae of alloscutum numerous, evenly distributed, length ca. 0.15, with 
denticulate apex. Venter (Fig. 2A); As illustrated; small roughly ovoid, 
paired jugular plates located medially to spur of coxae 1, their longest 
dimension 0.12-0.13, each bearing 1 seta. Genital aperture medial to 
posterior margin of coxae Ill. Genital groove well developed. Anal 
groove circular with open posterior margin. Setae numerous, length of 
preanal setae ca. 0.11, evenly distributed. Spiracular plates: Oval; greater 
diameter in dorsoventral plane, 0.17. Gnathosoma (Figs. I, 2A): Length 
from palpal apices to posterior ventral suture on basis capituli 1.03-1.12, 
width at level of auriculae 0.54--0.58, 1.91-1.93x as long as broad. Basis 
capituli (Figs. 1, 2A): Dorsally sub-triangular; posterior margin straight; 
cornua modest, triangular. Porose areas indented with well-circum-
scribed borders, separated by a distance slightly less than their own 
width. Basis capituli ventrally pentagonal; with posterior margin convex; 
auriculae recurved, long, triangular, tapering to apices. Palpi (Figs. 1, 
2A): Elongate, narrow; length (I-III segments) 0.70-0.77, width 0.15-
0.16, 4.63-4.81 X as long as broad, length of segments in descending 
order, 2, 3, I, 4; segment I well developed with prominent hook-like 
dorsomedian spur and sharply pointed, triangular ventrolateral spur; 
segment II narrow proximally and gradually widening to midlength and 
nearly parallel sided from midlength to distal end; segment III laterally 
straight and medially converging to bluntly rounded apex. Hypostome 
(Fig. 2A, B): Tapering; arising from a medial anterior extension of basis; 
length 0.46, width 0.20, 2.30x as long as broad; dental formula 
approximately 6/6-717; dentides sharply pointed. Legs: moderately long, 
slender. Coxae (Fig. 2A): Coxae I with short triangular posteromedian 
spur with broadly rounded apex and with long triangular posterolateral 
spur with tapering apex; posteromedian spur considerably shorter than 
posterolateral spur; coxae II-IV without spurs, although a thickening at 
the external angle of coxae IV gives a slight indication of a spur; coxae 
I-III with syncoxae. Tarsus I length 0.51-0.56; tarsus IV length 0.50-
0.56. 
Nymph (Figs. 3-5): Idiosoma (Figs. 3, 4): Sub-oval, widest just 
anterior to spiracular plates; length of unengorged or slightly engorged 
specimens from apices of scapulae to posterior body margin 970-1,360 
(1,182; n = 14), width 660-960 (819; n = 14), 1.35x-1.59x (1.45X; n = 
14) as long as broad. Scutum (Fig. 3): Broadly rounded posteriorly, 
length 501-632 (584; n = 14), width 461-564 (519; n = 14), 1.06x -1.20x 
(I.13X; n = 14) as long as broad; scapulae small, bluntly rounded. 
Lateral carinae diverging from scapular fields, approximately parallel to 
lateral scutal margins, reaching posterior scutal margin; cervical grooves 
faint, commencing as shallow posterior grooves thence diverging slightly. 
Punctations few, shallow, evenly scattered. Setae 6 pairs, short, slightly 
longer medially, length 22-46 (31; n = 15). Alloscutum (Fig. 3): As 
illustrated. Dorsal setae 31-32 pairs, very long; length 90-130 (106; n = 
28). Venter (Fig. 4) as illustrated; small roughly ovoid, paired jugular 
plates located medially to spur of coxae I, their longest dimension 60-72 
(67; n = 14), each bearing 2 setae. Ventral setae length 40-70 (47; n = 14). 
Anal valves with 3 pairs of setae. Anal groove horseshoe-shaped. 
Spiracular plates (Fig. 5): oval, greater diameter in dorsoventral plane, 
76-87 (80; n = 4). Gnathosoma (Figs. 3, 4): Length from palpal apices to 
posterior ventral suture on basis capituli 384-460 (427; n = 9), width at 
level of apices of ventral lateral projections 264--328 (299; n = 14); 
1.32 X -1.49x (1.43X; n = 9) as long as broad. Basis capituli (Figs. 3,4): 
Triangular dorsally; posterior dorsal margin straight, slightly indented 
laterally; dorsal cornua large, bluntly rounded, posterolaterally directed; 
ventrally lateral projections very long and sharply pointed; auriculae very 
long, blunt at apices, posterolaterally directed; posterior margin slightly 
convex. Ventrally 4 pairs of basis capituli setae: 2 pairs of post-
hypostomal setae; I pair of setae at base of ventral lateral projections; 1 
pair of setae at posterior lateral corners ventrally. Palpi (Figs. 3, 4): 
Elongate, narrow; length 244--296 (277; n = 14), width 60-72 (67; n = 
14), 3.81 X -4.60x (4.13x; n = 14) as long as broad; segment I 
rudimentary, II and III fused, suture between II and III indistinct; 
segment I lacking setae, segments 2 and 3 combined with 15 dorsal and 7 
ventral setae, segment IV with about 15 setae. Hypostome (Fig. 4): 
Arising from medial anterior extension of basis, elongate, sharply 
pointed; denticle-bearing portion length 136-166 (155; n = 9), width 
62-67 (65; n = 6), 2.39X -2.51 X (2.45X; n = 6) as long as broad; dental 
formula 3/3 in anterior 2/3 of length and 2/2 in posterior 113 of length; lO-
Il denticles in lateral file, 8-9 in intermedian, 3-5 in median file; apex 
with 5-9 minute denticles. Legs: Moderate in length. Coxae (Fig. 4): 
Coxae I with short, blunt, posteromedian spur and moderately long, 
narrowly blunt, triangular posterolateral spur; posteromedian spur 
shorter than posterolateral; coxae II-IV lacking posteromedian spurs; 
coxae II and III with large triangular posterolateral spurs; coxae IV 
lacking posterolateral spur, but thickening may be present. Trochanters 
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FIGURE 5. Ixodes (Afrixodes) fynbosensis n. sp., nymphal spiracular 
plate (a, anterior; d, dorsal). Bar = 100 !lm. 
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FIGURE 6. Ixodes (Afrixodes) fynbosensis n. sp., larva dorsally. Bar = 200 1llIl. Leg segments from femur to tarsus are omitted. 
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FIGURE 7. Ixodes (Afrixodes) fynbosensis n. sp., larva ventrally. Bar = 200 pm. Leg segments from femur to tarsus are omitted. 
lack spurs. Tarsus I length 296-340 (321; n = 13), width 76-90 (82; n = 
11), 3.73X-4.lOX (3.95x; n = 11) as long as broad; tarsus IV length 
268-320 (293; n = 13), width 64-72 (68; n = 2), 4.17X-4.19X (4.18x; 
n = 2) as long as broad. 
Larva (Figs. 6-7): Idiosoma (Figs. 6, 7): Sub-circular, widest just 
posterior to coxae III; length of unengorged or slightly engorged 
specimens from apices of scapulae to posterior body margin 509-588 
(527; n = 9), width 417-509 (439; n = 9); 1.16x-1.24X (1.20x; n = 9) as 
long as broad. Scutum (Fig. 6): Length 264-300 (284; n = 22), width 332-
360 (344; n = 22), 0.79x -0.86X (0.83X; n = 22) as long as broad; 
hexagonal, posterior margin straight with slight depression, slight 
posterolateral depressions; lateral carinae parallel to scutal margin; 
cervical grooves faint, shallow depressions. Setae 4 pairs, SC3 20-30 (24; 
n = 23); SC4 14-24 (19; n = 22); Alloscutum (Fig. 6): As illustrated. Dorsal 
setae 15 pairs; 2 pairs of central dorsal, Cdl 24-36 (31; n = 22), Cd2 24-36 
(29; n = 23); 8 pairs marginal dorsals, Mdl 30-42 (35; n = 23), Md7 24-38 
(30; n = 22); 5 pairs of supplementaries. Venter (Fig. 7): As illustrated; 
anal groove open anteriorly and posteriorly. Sensilla sagittiformia absent. 
Ventral setae 13 pairs plus I pair on anal valves; 3 pairs of sternals, St I 24-
40 (33; n = 23); 3 pairs of pre ana Is, Pal 28-40 (32; n = 23), Pa2 26-34 (31; 
n = 23); 4 pairs of premarginals; 3 pairs of marginal ventrals, MVI 30-44 
(36; n = 21); anal valves with I pair of setae. Gnathosoma (Figs. 6, 7): 
Length from palpal apices to posterior ventral suture on basis capituli 
214-240 (229; n = 17), width at dorsal cornual apices 134-152 (143; n = 
23); 1.5IX-1.72X (1.6Ix; n = 17) as long as broad. Basis capituli 
(Figs. 6, 7): Dorsally triangular, with moderate posterolaterally directed 
cornua; ventrally with short triangular projections directed laterally and 
slightly posteriorly, auriculae large, U-shaped, directed posterolaterally. 
Post-hypostomal setae 2 pairs, Phi 16-20 (18; n = 14), Ph2 14-20 (17; n = 
10); distance between Phi 36-44 (40; n = 23), between Ph2 46-58 (51; n = 
23). Palpi (Figs. 6,7): elongate, length 134-148 (140; n = 23), width 38-42 
(40; n = 23), 3.29X-3.84X (3.54x; n = 23) as long as broad; segment I 
rudimentary, II and III fused, suture between II and III indistinct; segment 
I lacking setae, segments II and III combined with 10 dorsal and 3 ventral 
setae, segment IV with about 12 setae. Hypostome (Fig. 7): Sharply 
pointed, denticle-bearing portion length 84-98 (93; n = 17), width 38-44 
(42; n = 18), 2.00x-2.35X (2.22x; n = 16) as long as broad; dental 
formula 2/2 throughout length, 7-8 denticles in lateral me, 6-7 in median 
me; apex with 4-8 minute denticles. Legs: Moderate in length. Coxae 
(Fig. 7): Coxae I with moderately large, bluntly triangular posteromedian 
and posterolateral spurs, posteromedian spur shorter than posterolateral; 
coxae II with moderate arcuate posterolateral spur, coxae III lacking spur 
or with small fold-like spur; internal spurs absent but with an indication of 
slight surface thickening replacing spurs; coxae I with 3 setae, coxae II and 
III with 2 setae each. Trochanters: Lack spurs. Tarsus I: Length 170-200 
(185; n = 20), width 60-66 (63; n = 17); 2.73X-3.13X (2.96X; n = 17) as 
long as broad. 
Molecular observations 
Cytochrome oxidase I sequences obtained for the L fynbosensis nymph 
and adult stages were identical (confirming the positive association of the 
description of these 2 life stages). The sequence divergence values between 
L fynbosensis and the remaining 10 recognized ixodid species range from a 
low of 13.7% (between L fynbosensis and I pilosus) to a high of 23.2% 
(between L fynbosensis and L ovatus). The average sequence divergence 
between L fynbosensis and the remainder of the taxa was estimated at 
17.8% (± 3.3%), and the sequence diversity within Ixodes (excluding L 
fynbosensis) was estimated to be 20.1% (± 3.6%). These data strongly 
support the recognition of L fynbosensis as a distinct species, and 
preliminary phylogenetic analyses based on 174 parsimony informative 
characters indicate that L fynbosensis is evolutionary, for the taxa included 
in this study, and is placed as a sister to L pilosus and L rubicundus (data 
not shown). No statistical support, however, could be obtained for this 
association. 
Taxonomic summary 
Holotype: Female, from domestic dog, Cordoba, Western Cape 
Province, South Africa (34°02'S, 18°50'E), December 2004, C. Keet; 
deposited in the USNTC (RML 124420). 
Paratypes: Total: I female, 57 nymphs and 229 larvae, from Rhabdomys 
pumilio. Farm De Rust, Western Cape Province, South Africa (34°1O'S, 
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19°54'E), 8 October 2003, S. Matthee; deposited in the USNTC (RML 
124315); I female (RML 124420) with the same collection data as for 
holotype. Some of the paratypes will be deposited in the collections of the 
Zoological Institute, Russian Academy of Sciences (St. Petersburg, 
Russia), and the Gertrud Theiler Tick Museum of the Onderstepoort 
Veterinary Institute (Onderstepoort, South Africa). 
Distribution and hosts: The collection data for L fynbosensis are listed in 
Table 1. This species is confined to South Africa (Western Cape Province). 
Two females have been collected from a domestic dog. A single female and 
numerous nymphs and larvae have been collected from four-striped grass 
rats (Rhabdomys pumilio [Sparrman]). Some immature stages have also 
been collected from an unidentified shrew taxon belonging to the 
Soricidae. 
Etymology: The species is named for its association with the Fynbos 
biome of South Africa. 
Remarks 
The female of L fynbosensis is easily differentiated from the other 
African Ixodes species by the large, tapering, triangular ventrolateral spur 
on palpal segment I. The female of L fynbosensis resembles that of Ixodes 
albignaci Uilenberg & Hoogstraal, 1969, Ixodes bakeri Arthur & Clifford, 
1961, Ixodes colasbelcouri Arthur, 1957, Ixodes lemuris Arthur, 1958, 
Ixodes lunatus Neumann, 1907, Ixodes myotomys Clifford & Hoogstraal, 
1970, and Ixodes nesomys Uilenberg & Hoogstraal, 1969, by its very long 
auriculae and very long posterolateral spur on coxa I. The new species 
differs from these species by its short and blunt posteromedian spur 
on coxa I; this spur is considerably shorter than the posterolateral spur, 
and it also differs by the absence of a spur on coxae IV. In the other 
species, the posteromedian spur of coxa I is long and pointed, and it is 
longer or equal to the posterolateral spur; they also have a small to large 
spur on coxa IV. 
A comparison of the immature stages of Afrixodes is a difficult task 
because these stages are unknown or undescribed for the majority of 
species, and, in addition, several of the available descriptions are of poor 
quality. Nevertheless, our comparison reveals that the nymphs and larvae 
of L fynbosensis are most similar to those of L albignaci, Ixodes ceylonensis 
Kohls, 1950, and L colasbelcouri because of their very long auriculae. 
Nymphs of L fynbosensis can be distinguished from those of the latter 
species by a sharply pointed hypostome apex (blunt in L albignacl) and 
long and acute ventrolateral projections of basis capituli (very short in L 
ceylonensis and L colasbelcoun). Larvae of L fynbosensis can easily be 
distinguished from these species by only 2 pairs of central dorsal setae (5 
or 6 pairs in the other species). 
It is worth mentioning that the new species was collected together with 
numerous specimens (females, nymphs, and larvae) of L bakeri from the 
same host individuals (Matthee et ai., 2007), and that the initial 
differentiation between the 2 species can easily be made on the basis of 
the larger size of all stages of development of L fynbosensis. Larvae and 
nymphs of L fynbosensis can easily be distinguished from those of L bakeri 
by sharply pointed hypostome and long auriculae (blunt hypostome and 
short auriculae in L baken); for discrimination between the females of 
these species see above. 
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THE DIVERSITY OF SEA LICE (COPEPODA: CALIGIDAE) PARASITIC ON THREESPINE 
STICKLEBACK (GASTEROSTEUS ACULEATUS) IN COASTAL BRITISH COLUMBIA 
Simon R. M. Jones and Gina Prosperi-Porta 
Fisheries & Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, British Columbia, Canada, V9T 6N7. 
e-mail: simon.jones@dfo-mpo-gc.ca 
ABSTRACT: The prevalence, intensity, and abundance of sea lice belonging to Lepeophtheirus or Caligus clemensi are reported from 
threespine stickleback (Gasterosteus aculeatus) collected from the Broughton Archipelago region of coastal British Columbia, Canada, 
between 2005 and 2008. In total, 25,130 sea lice were collected from 7,684 sticklebacks. The prevalence of Lepeophtheirus ranged from 
51 % in 2005 to 11 % in 2008 and that of C. clemensi from 56% in 2007 to 24% in 2008. Chalimus stages accounted for approximately 
69% of all Lepeophtheirus and 88% of Caligus specimens. Cytochrome c oxidase subunit 1 (COl) gene sequences, useful in 
distinguishing reference specimens belonging to 8 species of Lepeophtheirus, Caligus, and Bomoloehus, were used to identify the 
Lepeophtheirus specimens from stickleback as L. salmonis (71 %) and L. cuneifer (29%). A COl phylogenetic analysis confirmed a 
monophylogenetic origin of Lepeophtheirus but not of Caligus. Two genotypes were resolved in L. cunei/er, i.e., genotype A occurred 
twice as often as genotype B. Virtually all immature Lepeophtheirus specimens from juvenile salmon were L. salmonis. The results 
emphasized the need to accurately identify immature sea lice as a prerequisite to understanding sea lice ecology. The threespine 
stickleback may be a useful sentinel species for the abundance and diversity of the sea lice that are also parasites of wild and farmed 
salmon in coastal ecosystems in British Columbia. 
Sea lice belonging to Lepeophtheirus (Copepoda: Caligidae) are 
ectoparasites of marine fishes, and 11 species have been reported 
from the Pacific Ocean of western Canada (Kabata, 1973, 1988), 
Although species descriptions are based on the morphology of 
adult specimens, there are no descriptions of the immature 
developmental stages (nauplius I and II, copepodid, chalimus 1-
IV, and preadult I and II) for most species. Another caligid 
copepod, Caligus clemensi, is also a common parasite in this 
region (Parker and Margolis, 1964). 
Some coastal ecosystems in British Columbia, Canada, are 
shared by several species of Pacific salmon (Oncorhynchus spp.) 
and salmon aquaculture, in which Atlantic salmon (Salmo salar) 
are reared in open net pens. In the spring, juvenile Pacific salmon 
migrate through this coastal ecosystem between nursery streams 
and the open ocean; in the summer and autumn, adult salmon 
return to coastal waters to spawn in the nursery streams. These 
times of relative proximity present increased opportunities for the 
transmission of sea lice between captive and migrating salmon. It 
has been hypothesized that infections with sea lice on juvenile 
Pacific salmon, elevated as a result of transmission from 
infections on farmed Atlantic salmon, increase mortality rates 
and cause reductions in Pacific salmon populations (Krkosek et 
a!., 2007). Annual monitoring of juvenile Pacific salmon began in 
2003 to better understand sea lice dynamics in the Broughton 
Archipelago coastal ecosystem. Marine threespine sticklebacks, 
Gasterosteus aculeatus, a frequent by-catch with the juvenile 
salmon, were found to have relatively heavy sea lice infections, In 
2004, the prevalence and intensity of the infections on sticklebacks 
exceeded those on the salmon by as much as 10 times (Jones and 
Nemec, 2004; Jones, Prosperi-Porta et a!., 2006). Sea lice on 
sticklebacks were virtually all immatures, and analysis of a small 
subunit ribosomal RNA gene sequence showed that they 
belonged to Lepeophtheirus salmonis, the salmon louse or to C. 
clemensi (Jones, Prosperi-Porta et a!., 2006). The present study 
further documented the occurrence of sea lice on sticklebacks in 
this ecosystem from 2005 to 2008 and used a mitochondrial gene 
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sequence to test the hypothesis that sticklebacks are infected 
solely with L. salmonis, 
MATERIALS AND METHODS 
Collection and processing of fish and sea lice 
Details on the study design, including the collection of juvenile salmon, 
sticklebacks, and sea lice, have been reported previously (Jones and 
Nemec, 2004; Jones, Prosperi-Porta et aI., 2006; Jones and Hargreaves, 
2007). In brief, from each catch, up to 30 fish belonging to each species 
were sampled from the net, placed individually into a labeled bag, and 
stored at - 20 C for laboratory processing. Fish identity was confirmed 
immediately after thawing, and length and weight data were collected. 
Fish were examined under a binocular dissecting microscope, and sea lice 
were removed by using fine forceps and stored in 95% ethyl alcohol. 
Adult reference Lepeophtheirus specimens were obtained from fish 
belonging to the following species collected from Tribune Channel, British 
Columbia, Canada: L. parviventris from Irish Lord, Hemilepidotus 
hemilepidotus; L. bifidus from starry flounder, Platiehthys stellatus; L. 
oblitus from kelp greenling, Hexagrammos decagrammus; and L. hospitalis 
from P. stellatus. Adult L. cunei/er and L. salmonis were obtained from 
farmed Atlantic salmon during routine sea lice monitoring in the 
Broughton Archipelago. In addition, adult and chalimus stages of Caligus 
clemensi and adult specimens of Bomoloehus cuneatus and L. cuneifer were 
obtained from Pacific herring (Clupea pallasi) captured in the Gulf Islands 
region of coastal British Columbia and in Cordova Bay, Alaska. Freshly 
collected specimens were preserved in 95% ethyl alcohol. Adult sea lice 
were identified to species and gender by using morphological keys 
(Kabata, 1973, 1974, 1988), whereas immature specimens were identified 
to genus and developmental stage (Kabata, 1972; Johnson and Albright, 
1991a), 
Extraction and amplification of mitochondrial DNA 
Total DNA was extracted from individual, alcohol-fixed specimens by 
DNeasy kits according to the manufacturer's extraction protocol for 
animal tissues (QIAGEN Inc., Mississauga, Ontario, Canada). DNA was 
quantified using a NanoDrop ND-1000 spectrophotometer (Thermo 
Fisher Scientific, Nepean, Ontario, Canada) on a subset of all samples and 
for all samples where no polymerase chain reaction (PCR) amplification 
resulted. A mitochondrial cytochrome c oxidase I (COl) gene sequence 
was amplified by PCR using published primers (Folmer et ai., 1994; 
Yazawa et aI., 2008) or those designed in the present study (Table I). The 
PCR conditions were as published or were determined empirically for 
novel primer pairs. PCR products were visualized and photographed in a 
GelDoc-It imaging system (UVP, Uplands, California) after electropho-
resis in 1.5% agarose containing SYBR Safe DNA gel stain (Invitrogen 
Canada Inc., Toronto, Ontario, Canada). Sequencing reactions of purified 
PCR products (ExoSAP-IT reagent, GE Healthcare, Quebec City, 
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TABLE I. Oligonucleotide primers used to amplify partial COl gene sequences from reference copepods. 
Name 5'-to-3' sequence Reference 
LCOl490 
HC02198 
LsPcCOI-F 
LsPcCOI-R 
LcunCOI-F 
LcunCOI-R 
LepG-R 
LcunCOI-IR 
LepG2F 
GGTCAACAAATCATAAAGATATTGG 
TAAACTTCAGGGTGACCAAAAAATCA 
TCTGGATTAGTGGGTTTAGC 
TCGATGCACCTTCCTCTATC 
TGGGCTGGTCGGTCTTGGGA 
CCGGCCCCTCTCTCCACCAA 
AGAAGAAATTCCCGCCAAAT 
AGCCCCGGCTAAAACAGGTAAAGA 
GGGAGCCCCAGATATAGCAT 
Folmer et a!., 1994 
Folmer et a!., 1994 
Yazawa et a!., 2008 
Yazawa et a!., 2008 
This study 
This study 
This study 
This study 
This study 
Quebec, Canada) were performed with the same primers used for 
amplification and Big Dye Terminator version 3.1 (Applied Biosystems, 
Foster City, California). Reaction products were purified using Dye-Ex 
2.0 kits (QIAGEN Inc.), and sequences were obtained from a 16 capillary 
3130xl Genetic Analyzer (Applied Biosystems). The sequences were 
assembled in Sequencher 4.9 (Gene Codes Corporation, Ann Arbor, 
Michigan), edited, and deposited in GenBank (Table II). The following 
COl sequences were obtained from GenBank: Caligus centrodonti 
(A Y861370), C. curtus (A Y861366), C. elongatus genotype I 
(A Y861371), C. elongatus genotype 2 (AY861365), C. gurnardi 
(A Y861369), Lepeophtheirus hippoglossi (A Y861362), L. pectoralis 
(A Y861364), L. salmonis Atlantic type (A Y602596), L. thompsoni 
(EF065617), and Lepeophtheirus sp. (listed in GenBank as L. hospitalis, 
AM235888). 
A multiple alignment of the contigs was obtained by using the ClustalW 
algorithm in MEGA 4.1 (Tamura et a!., 2007). Pairwise genetic distances 
among reference sequences were calculated using the Kimura 2-parameter 
method, and the SE associated with each distance was estimated by a 
I,OOO-fold bootstrapping procedure. Phylogenetic relationships, also 
conducted in MEGA 4.1, were estimated using neighbor-joining analysis 
in which evolutionary distances were computed using the Kimura 2-
parameter method. A gamma distribution (shape parameter = I) was used 
to model the rate of variation among sites. All codon positions were 
included and alignment gaps, and missing data were eliminated by 
pairwise sequence comparisons. 
TABLE II. Size and GenBank accessions of COl sequences amplified from 
adult reference parasitic copepods belonging to the genera Lepeophtheirus, 
Caligus, and Bomolochus. 
Amplicon size 
Species (no.) (position)* GenBank accession 
B. cuneatus (I) 660 (40) HM582237 
C. clemensi (I) 660 (40) HM582236 
L. bifidus (I) 651 (40) HM582234 
L. cunei/er type A 660 (40) HM582230, HM800829, HM800830, 
(5) HM800831, HM800832 
L. cuneifer type B 660 (40) HM800824, HM800825, HM800826, 
(5) HM800827, HM800828 
L. hospitalis (3) 660 (40) HM582235, HM800843, HM800844 
L. oblitus (3) 426 (40) HM582233, HM800841, HM800842 
L. parviventris (9) 537 (73) HM582232, HM800833, HM800834, 
HM800835, HM800836, 
HM800837, HM800838, 
HM800839, HM800840 
L. salmon is 660 (40) HM582238, HM800845, HM800846 
Pacific (3) 
• Position of 5' end of product relative to the L. salmon is cor eDNA-determining 
sequence (EU288200). 
Statistical analyses 
Prevalence, mean abundance, and intensity were defined according to 
Bush et a!. (1997). Mean prevalence (±95% confidence intervals) was 
calculated using Quantitative Parasitology 3.0 (Rozsa et a!., 2000). Annual 
and monthly variations in the abundance and prevalence of sea lice 
infections on sticklebacks were compared by using Kruskal-Wallis and 
chi-square analysis, respectively. Differences in the significance of fish 
lengths were tested by using Bonferroni-adjusted 2-sample t-tests. 
Statistical tests were conducted in Systat II (Systat Software, Inc., 
Chicago, Illinois), and all differences resulting in P values sO.05 were 
considered statistically significant. 
RESULTS 
In total, 7,684 sticklebacks were sampled between March and 
July in 2005-2008 (Table III). The fish ranged from 57,5 to 
69.2 mm in length and weighed 2.3-4.0 g (Table III). In all years, 
the mean length of sticklebacks collected at the earliest sampling 
was less than that of those collected at the last sampling (P < 
0.001). Sea lice belonging to Lepeophtheirus and to C. clemensi 
occurred in all monthly collections in all years. The annual mean 
abundance of Lepeophtheirus ranged from 2.54 ± 0,09 fish- 1 in 
2005 to 0.15 ± 0,01 fish- 1 in 2008 (P < 0.001; Table III). 
Similarly, the annual mean abundance of C. clemensi ranged from 
2.82 ± 0.09 fish -1 in 2007 to 0.58 ± 0.03 fish -1 in 2008 (P < 
0.001). The mean abundance of Lepeophtheirus between the last 2 
sample months decreased in 2005 and in 2007 (P < 0.01) and 
increased in 2006 (P < 0.05). There was no change in the mean 
abundance between May and June in 2008 (P = 0.11; Table III). 
The mean abundance of C. clemensi decreased between the last 2 
sample months in 2005, 2007, and 2008 (P < 0.01) and increased 
during this interval in 2006 (P < 0.01; Table III). The annual 
mean intensities (maximum value) of Lepeophtheirus were 5.0 
(57), 1.9 (12), 2.1 (15), and 1.4 (7), and those of C. clemensi were 
5.0 (IDS), 3.4 (85), 5.1 (42), and 2.5 (10) in 2005, 2006, 2007, and 
2008, respectively. The annual mean prevalence of Lepeophtheirus 
ranged from 50.5% in 2005 to 11.0% in 2008 and that of C. 
clemensi from 55.5% in 2007 to 23.6% in 2008 (Table III). 
Of the 25,130 sea louse specimens collected from sticklebacks, 
10,128 belonged to Lepeophtheirus and 15,002 to C. clemensi. 
Each developmental stage occurred as a relatively similar 
percentage of the total in most years (Fig. I). Chalimus stages 
accounted collectively for 69.2% of all specimens of Le-
peophtheirus and 88.0% of C. clemensi. Adults, preadults, and 
copepodids constituted I, 12, and 18%, of Lepeophtheirus 
specimens, respectively. Copepodid and preadult stages of C. 
JONES AND PROSPERI-PORTA-SEA LICE ON STICKLEBACKS 401 
TABLE III. Number and size of threespine Gasterosteus aculeatus collected from the Broughton Archipelago, Canada, showing abundance and 
prevalence of sea lice. 
Stickleback (mean ± SE) 
Yr Mo No. Length (mm) Wt (g) 
2005 March 0 
April 719 61.7 ± 0.5 3.1 ± 0.10 
May 1032 63.7 ± 0.3 3.3 ± 0.04 
June 735 68.0 ± 0.3 4.0 ± 0.05 
July 563 69.2 ± 0.3 3.9 ± 0.05 
Annual 3049 65.3 ± 0.2 3.5 ± 0.03 
2006 March 0 
April 188 66.6 ± 0.6 3.7 ± 0.10 
May 571 63.2 ± 0.4 3.7 ± 0.07 
June 229 66.3 ± 0.5 3.7 ± 0.08 
July 260 68.9 ± 0.5 3.4 ± 0.07 
Annual 1248 65.5 ± 0.2 3.5 ± 0.04 
2007 March 0 
April 787 59.1 ± 0.4 2.3 ± 0.04 
May 474 61.4 ± 0.4 2.9 ± 0.06 
June 623 62.9 ± 0.3 3.0 ± 0.04 
July 0 
Annual 1884 60.9 ± 0.2 2.7 ± 0.03 
2008 March 245 57.5 ± 0.8 2.4 ± 0.08 
April 213 63.7 ± 0.8 3.2 ± 0.11 
May 617 58.6 ± 0.4 2.6 ± 0.07 
June 428 64.6 ± 0.4 3.3 ± 0.07 
July 0 
Annual 1503 60.9 ± 0.3 2.9 ± 0.04 
clemensi were similar, sharing 5% of the overall total, whereas 
adults were observed least frequently, at <2% of the total (Fig. 1). 
COl gene sequences, amplified from adult reference specimens 
belonging to 8 morphologically distinct species of copepods, 
ranged in length from 426 to 660 base pairs (bp; Table II). 
Intraspecific pairwise genetic distances ranged from 0.002 to 
0.016, and the greatest distances occurred among specimens of L. 
cuneifer (n = 10). Intraspecific variation was less marked in other 
species: L. salmonis, 0.009 (n = 3); L. parviventris, 0.002 (n = 9); 
L. oblitus, 0.010 (n = 3); and L. hospitalis, 0.002 (n = 3). There 
was no variation in the 660 bp sequence among individual C. 
clemensi (n = 13). A pairwise genetic distance of 0.023 was 
measured between consensus sequences of L. cuneifer genotypes A 
and B (Table IV). Interspecific pairwise genetic distances among 
species of Lepeophtheirus ranged from 0.082 to 0.233, and this 
increased to maxima of 0.251 and 0.420 when comparisons 
included C. clemensi and Bomolochus cuneatus, respectively 
(Table IV). 
Amplification of a COl sequence from 25 chalimus IV and 
preadult specimens of Lepeophtheirus collected from sticklebacks 
in each of 2005-2008 confirmed the presence of L. salmonis and L. 
cuneifer in all years except 2005, when only L. salmonis was found 
(Table V). Overall, L. salmonis was approximately 2.4 times more 
abundant than L. cuneifer, although in 2008, L. cuneifer was 3.5 
times more abundant. The L. cuneifer genotype A was observed 
twice as frequently on sticklebacks as genotype B. The 2 
specimens of L. cuneifer obtained from British Columbia herring 
belonged to genotypes A and B, and the specimen from Alaska 
herring belonged to genotype A. Of the 733 PCR products 
obtained from chalimus IV and preadult specimens collected from 
Abundance (mean ± SE) Prevalence (95% confidence interval) 
Lepeophtheirus Caligus Lepeophtheirus Caligus 
1.06 ± 0.09 2.16 ± 0.12 38.4, 34.8-42.0 52.3, 48.6-56.0 
4.15 ± 0.21 4.34 ± 0.18 63.0, 60.0--66.9 71.6, 68.8-74.3 
3.28 ± 0.17 1.23 ± 0.17 63.5, 60.0-66.9 27.6,24.5-31.0 
0.52 ± 0.06 0.87 ± 0.08 25.9,22.5-29.7 31.1,27.3-35.1 
2.54 ± 0.09 2.44 ± 0.08 50.5,48.7-52.2 49.0,47.2-50.7 
0.66 ± 0.08 2.22 ± 0.22 41.5, 34.5-48.7 68.1, 60.9-74.5 
0.40 ± 0.03 1.03 ± 0.09 27.0, 23.5-30.8 37.1, 33.2-41.2 
0.75 ± 0.10 0.96 ± 0.48 32.3, 26.4-38.6 12.2,8.4-17.2 
1.04 ± 0.11 1.22 ± 0.18 41.2, 35.2-47.3 32.3, 26.8-38.3 
0.64 ± 0.04 1.23 ± 0.11 33.1,30.5-35.7 36.2, 33.6-38.9 
0.84 ± 0.05 2.56 ± 0.11 41.2, 37.7-44.7 63.7, 60.2-67.0 
1.30 ± 0.08 5.50 ± 0.25 57.2, 52.6-61.6 79.3, 75.4-82.8 
0.23 ± 0.03 1.10 ± 0.11 14.8, 12.2-17.8 27.0, 23.6-30.6 
0.75 ± 0.03 2.82 ± 0.09 36.5, 34.3-38.7 55.5, 53.2-57.7 
0.15 ± 0.03 0.55 ± 0.07 11.4,7.9-16.1 28.6,23.2-34.7 
0.21 ± 0.03 1.84 ± 0.14 18.3, 13.6-24.1 62.0, 55.2-68.3 
0.13 ± 0.02 0.46 ± 0.05 8.3, 6.3-10.7 17.5, 14.6-20.7 
0.16 ± 0.03 0.16 ± 0.03 11.2, 8.5-14.6 10.5, 7.9-13.8 
0.15 ± 0.01 0.58 ± 0.03 11.0,9.5-12.7 23.6, 21.5-25.8 
pink (Oncorhynchus gorbuscha) and chum salmon (Oncorhynchus 
keta) between 2004 and 2008, 732 were identified as L. salmonis 
and 1, from a pink salmon, as L. parviventris. 
Analysis of the neighbor-joining tree derived from an alignment 
of new and existing COl sequences from species of Caligus and 
Lepeophtheirus, and from Bomolochus cuneatus, resolved species 
or clusters of species but failed to provide convincing bootstrap 
support for higher taxonomic groupings (Fig. 2). All sequences 
from specimens belonging to 12 species of Lepeophtheirus from 
the Pacific and Atlantic oceans clustered together in a single clade, 
which was a sister group to a cluster of sequences from C. 
centrodonti and C. curtus. Within the Lepeophtheirus clade, there 
is moderate bootstrap support for a cluster of sequences from 
species originating from the Pacific Ocean (L. cuneifer, L. 
parviventris, L. bifidus, and L. hospitalis). Sequences from the 3 
remaining species of Caligus clustered in clades unrelated to C. 
centrodonti and C. curtus, and the sequence from B. cuneatus was 
basal to all others in the analysis (Fig. 2). Two COl genotypes 
resolved within L. cuneifer, L. salmonis, and C. elongatus. 
DISCUSSION 
Infections with sea lice were frequently observed on marine 
sticklebacks sampled in the springtime from the Broughton 
Archipelago. Confirming previous observations, these infections 
included sea lice belonging to C. clemensi and Lepeophtheirus. The 
percentage of sticklebacks infected with sea lice ranged from 
approximately 28% in 2008 to >68% in 2005. In the 2 yr 
preceding this study, 61.3% (2003) and 84.3% (2004) of 
sticklebacks were infected with sea lice. Of the latter, 83.6% were 
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FIGURE I. Sea lice developmental stages on threespine sticklebacks 
(Gasterosteus aculeatus) from the Broughton Archipelago, Canada. (A) 
Lepeophtheirus. (B) Caligus clemensi. Mean percentage of developmental 
stages from monthly counts (Co, copepodid; Chi, chalimus I; Ch2, 
chalimus II; Ch3, chalimus III; Ch4, chalimus IV; PAd, preadult; and Ad, 
adult). Bars represent 2005, 2006, 2007, and 2008, respectively. 
infected with specimens belonging to Lepeophtheirus (Jones and 
Nemec, 2004; Jones, Prosperi-Porta et aI., 2006). Thus, since 2004, 
when Lepeophtheirus accounted for virtually all sea lice infecting 
sticklebacks (Jones, Prosperi-Porta et aI., 2006), the prevalence of 
copepods in this genus declined more or less continuously until 
2008. The mean intensity of Lepeophtheirus in 2005 was> 3 times 
lower than that measured in 2004 and continued to decline, so 
that by 2008, the mean intensity was > 13 times lower than in 
2004. The maximum intensity on fish with mean weights of 2.3-
4.0 g ranged from 7 in 2008 to 290 in 2004. A concurrent and 
similar declining trend was reported for L. salmon is on juvenile 
pink and chum salmon in the same area (Jones and Hargreaves, 
2007, 2009), and Jones and Hargreaves (2009) suggested changing 
management practices on nearby salmon farms may have played a 
role in this decline. The prevalence of C. clemensi underwent 
considerable year-to-year variation, with greatest (56%) and least 
(24%) values observed in 2007 and 2008, respectively. Between 
2005 and 2008, the mean intensity of C. clemensi infections on 
TABLE IV. Pairwise genetic distances of COl (relative to positions 115-465 
of L. salmon is reference sequence EU288200) sequences among parasitic 
copepods from British Columbia, Canada. Consensus sequences are used 
for species with more than one individual (see Table II). SEM is below the 
diagonal. See text for methods. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Species' 
2 3 4 5 6 7 8 9 10 
0.233 0.230 0.213 0.214 0.218 0.198 0.197 0.226 0.387 
0.032 0.023 0.082 0.187 0.201 0.186 0.202 0.220 0.379 
0.032 0.008 0.089 0.180 0.194 0.190 0.202 0.221 0.396 
0.030 0.017 0.018 0.175 0.233 0.182 0.205 0.232 0.420 
0.030 0.028 0.027 0.027 0.231 0.161 0.203 0.248 0.355 
0.031 0.028 0.027 0.032 0.033 0.197 0.167 0.215 0.364 
0.027 0.028 0.028 0.027 0.024 0.028 0.160 0.251 0.382 
0.028 0.028 0.028 0.030 0.029 0.025 0.025 0.192 0.340 
0.030 0.030 0.029 0.031 0.034 0.029 0.033 0.026 0.321 
0.043 0.042 0.043 0.046 0.040 0.041 0.043 0.037 0.036 
• 1, Lepeophtheirus salmonis; 2, L. cuneifer type A; 3, L. cuneifer type B; 4, L. 
parviventris; 5, L. bijidus; 6, L. oblitus; 7, L. hospitalis; 8, Lepeophtheirus sp. 
(AM235888); 9, Caligus clemensi; and 10, Bomolochus cuneatus. 
sticklebacks seemed not to follow a consistent trend; although 
they oscillated, the maximum values declined from 105 in 2005 to 
10 in 2008. Variations in the mean intensities of Lepeophtheirus 
and C. clemensi paralleled those of prevalence, similar to the 
trends reported for L. salmonis on farmed Atlantic salmon (Baillie 
et aI., 2009). The declining mean abundance of Lepeophtheirus 
and C. clemensi observed between the latter 2 sample months in 
some years has been observed previously (Jones, Prosperi-Porta et 
aI., 2006; Jones and Hargreaves, 2007) and may be related to the 
tendency of the salinity of surface sea water to become more 
diluted as a result of an estuarine flow, which is strongest in the 
spring and summer in this area (Foreman et aI., 2006). Other 
factors, such as migration and maturation of fish hosts, are likely 
to influence seasonal trends in the abundance of Lepeophtheirus 
and C. clemensi. 
The majority of sea lice observed on sticklebacks, regardless of 
species, were chalimus stages. It is not known why the chalimus II 
stage of Lepeophtheirus occurred relatively infrequently. No 
differences in developmental rates among stages of L. salmonis 
chalimi were reported on Atlantic salmon (Johnson and Albright, 
1991a). However, the rate of development may differ on other 
host species, because fewer chalimus I and II stages were 
recovered from sticklebacks during laboratory exposures to L. 
salmonis (Jones, Kim, and Dawe, 2006). Thus, the consistently 
lower frequency of chalimus II on sticklebacks may reflect a 
briefer duration for this stage relative to that of other chalimus 
TABLE V. Occurrence of Lepeophtheirus salmonis and Lepeophtheirus 
cuneifer on threespine sticklebacks (Gasterosteus aculeatus), based on COl 
sequences from chalimus IV or preadult specimens. 
L. cuneifer L. cunei/er Unreadable Total 
Yr L. salmonis type A type B sequences sequences 
2005 22 0 0 3 25 
2006 13 8 2 2 25 
2007 21 0 I 3 25 
2008 4 9 5 7 25 
Total 60 17 8 15 100 
~ 55 
Y 
.--
~ ~ 
52 ~ 
951 
92 
0.05 
100 
I 
100 
99 L cuneifer-A 
uneifer-B Lc 
Lh 
L parviventtiS 
Lbifidus 
ospitalis 
ralis L pecto 
Lt hompsoni 
salmonis(pac) 
almonis(Atl) 
L 
Ls 
Lsp.(AM2358 88) 
Loblitus 
Lhippoglossi 
C.cent rodonti 
urtus C.c 
C.gumarrJi 
C.clemensi 
C.elo 
C.eJonga 
ngatus-1 
tus-2 
B.cuneatus 
FIGURE 2. Unrooted neighbor-joining phylogram showing relatedness 
among COl gene sequences of parasitic copepod reference specimens with 
GenBank accessions listed in text and in Table II. Based on ClustalW 
alignment of 351 nucleotides (positions 115-465 of L. salmonis reference 
sequence EU288200) in all specimens. Bootstrap confidence levels are 
based on 1,000 re-samplings; levels ~50 are shown. Included in the 
analysis is the homologous sequence from a copepod, L. sp., reported 
previously as Lepeophtheirus hospitalis (see text). The scale bar indicates 
the number of base substitutions per site. 
stages. In contrast to the pattern on salmon, adults of 
Lepeophtheirus and C. clemensi on sticklebacks were the least 
abundant stages, supporting previous field and laboratory 
observations (Jones, Kim, and Dawe, 2006; Jones, Prosperi-Porta 
et aI., 2006; Jones and Hargreaves, 2007). This consistently 
reduced frequency suggested a tendency for the more mature lice 
to leave sticklebacks. The highly motile behavior of C. clemensi 
preadults and adults may have further contributed to the reduced 
frequency of these stages. Although differences in the frequency of 
copepodids may reflect differences in the rate of acquisition of 
new infections, the copepodid stage is relatively short lived in C. 
elongatus (Hogans and Trudeau, 1989). A relatively brief period 
of copepodid development in C. clemensi also would contribute to 
a reduced frequency of this stage, as suggested previously (Jones, 
Prosperi-Porta et aI., 2006). 
A method for species identification that was independent of 
specimen anatomy was required because of the high proportion of 
chalimus stages combined with an absence of morphological 
information for the early developmental stages of most species of 
Lepeophtheirus. Previously, a partial small subunit ribosomal gene 
(18S rDNA) sequence used to differentiate among 5 reference 
species of caligid copepods showed that the specimens infecting 
marine sticklebacks in British Columbia were L. salmonis (Jones, 
Prosperi-Porta et aI., 2006). In the present study, adult specimens 
belonging to 8 morphologically distinct species of parasitic 
copepods were used as sources of reference genetic information. 
Heterogeneity among mitochondrial COl sequences demonstrat-
ed the utility of the COl sequence as a taxonomic tool for 
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recognizing species, as discussed previously (Waugh, 2007). Over 
4 yr, approximately 71 % of the specimens from stickleback were 
identified as L. salmonis and 29% as L. cuneifer; with L. cuneifer 
genotype A occurring twice as often as genotype B. Both 
genotypes were evident among the 3 specimens of L. cuneifer 
collected from Pacific herring in British Columbia and Alaska. In 
contrast, L. cuneifer was absent on juvenile pink and chum 
salmon collected concurrently with the sticklebacks from the 
Broughton Archipelago. Lepeophtheirus cuneifer was originally 
described from big skate (Raja binoculata) and rock greenling 
(Hexagrammos lagocephalus) from southeastern Alaska and 
Prince William Sound (Kabata, 1974) and subsequently from 
rainbow trout (Oncorhynchus mykiss) and Atlantic salmon farmed 
in British Columbia (Johnson and Albright, 1991b). The 
occurrences of L. cuneifer on threespine stickleback and Pacific 
herring represent new host records. With the exception of the 
present study, there are no prevalence data for L. cuneifer from 
any of its known hosts. The ability to detect L. cuneifer in 
relatively small subsamples of chalimus stages from sticklebacks 
seems to depend on the abundance of L. salmonis, which is driven 
by relatively large salmon populations in the area. In a previous 
study (Jones, Prosperi-Porta et aI., 2006), all 20 juvenile specimens 
from sticklebacks collected in 2004 were identified as L. salmonis 
by using 18S rDNA sequence, and this was confirmed by COl 
sequence analysis from the same specimens (data not shown). In 
the present study, there was no evidence of L. cuneifer among the 
specimens examined from sticklebacks in 2005. Thus, the high 
prevalence and intensity of infections with L. salmonis observed in 
2004 and 2005 may have reduced the likelihood of detecting L. 
cuneifer in those years because they occurred as a relatively small 
proportion of the total Lepeophtheirus population. 
The L. salmonis mitochondrial genome was characterized by 
Tjensvoll et ai. (2005), and COl nucleotide sequences have been 
used to understand phylogenetic relationships among caligid 
copepods (0ines and Heuch, 2005; 0ines and Schram, 2008). In 
the present study, COl sequences derived from several species of 
Lepeophtheirus, regardless of ocean of origin, were monophyletic, 
as had been reported previously for specimens from the Atlantic 
Ocean (0ines and Heuch, 2005; 0ines and Schram, 2008). 
However, unlike the sequences from species of Lepeophtheirus, 
those from 5 species of Caligus clustered within unrelated clades 
and were therefore paraphyletic, also in agreement with the 
previous reports (0ines and Heuch, 2005; 0ines and Schram, 
2008). The sequence derived from C. clemensi from the Pacific 
Ocean was only distantly related to the 5 congeneric sequences 
obtained from the Atlantic Ocean. Genetic divergence among and 
within Lepeophtheirus spp., measured as pairwise genetic distanc-
es, were similar to those reported previously for COlor l6S 
rRNA sequences from caligid copepods, crustaceans, and other 
animals (Hebert et aI., 2003; 0ines and Heuch, 2005; Lefebure et 
aI., 2006). The current analysis confirmed the occurrence of 
genetic subtypes within L. salmonis and C. elongatus and 
recognized a similar phenomenon within L. cuneifer. Yazawa et 
ai. (2008) reported that the L. salmonis COl gene differed by 6.1 % 
between isolates from the Atlantic and Pacific oceans. In the 
present study, the pairwise genetic distance between the L. 
salmonis ocean types was 0.058 (data not shown). Similarly, there 
is a genetic distance of 0.12 between COl genotypes of C. 
elongatus (0ines and Heuch, 2005). In comparison, the genetic 
distance between the L. cuneifer genotypes was 0.022. The absence 
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of recent gene flow accounts for the divergence observed between 
L. salmonis from the Atlantic and Pacific oceans, whereas no 
barrier to gene flow has been identified that would explain the 
persistence of genotypes in C. elongatus and L. cuneifer. 
Morphological differences, in addition to the relative magnitude 
of the genetic distances between the c. elongatus genotypes, 
suggest that these represent sibling species (0ines and Schram, 
2008). However, further research is required to determine the 
extent of morphological variation between the genotypes of L. 
salmonis and L. cuneifer. In a previous study, we concluded that 
genetically distinct, but morphologically correct, specimens of L. 
hospitalis occurred on starry flounder (Platichthys stellatus) and 
quillback rockfish (Sebastes maliger) , respectively, in British 
Columbia. A COl genetic distance of 0.185 demonstrated that 
the specimens of Lepeophtheirus from starry flounder and 
quillback rockfish belong to distinct species. We assigned the 
specimens from starry flounder to L. hospitalis based on 
morphological identity and the previous recognition of the starry 
flounder as a host to this copepod (Kabata, 1988). A closer 
examination of additional Lepeophtheirus specimens from quill-
back rockfish is necessary and may result in the amendment of 
existing morphological keys. 
Infections with Lepeophtheirus on the juvenile salmon consisted 
almost entirely of L. salmon is. In contrast, the single infection 
with L. parviventris on a juvenile pink salmon, although a new 
host record, seems to be extremely rare. In conclusion, we 
rejected the hypothesis that sticklebacks in the Broughton 
Archipelago are infected solely with L. salmon is, thus emphasiz-
ing the need to accurately identify immature sea lice as a 
prerequisite to understanding sea lice ecology in this region. The 
threespine stickleback may be a useful sentinel species for the 
abundance and diversity of the sea lice, which are also parasites 
of wild and farmed salmon in coastal ecosystems in British 
Columbia. 
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NEW AND PREVIOUSLY DESCRIBED SPECIES OF UROCLEIDOIDES (MONOGENOIDEA: 
DACTYLOGYRIDAE) INFECTING THE GILLS AND NASAL CAVITIES OF HOPLIAS 
MALABARICUS (CHARACIFORMES: ERYTHRINIDAE) FROM BRAZIL 
Daniele F. Rosim, Edgar F. Mendoza-Franco*t, and Jose L. Luquet 
Curso de P6s-Graduac;:ao em Ciencias Veterinarias da Universidade Federal Rural do Rio de Janeiro (CPGCV, UFRRJ), BR 465, 
Km 7 CEP 23890-000, Seropedica, Rio de Janeiro, Brazil. e-mail: oberonmen@gmail.com 
ABSTRACT: During an investigation of the biodiversity and structure of parasite communities among native populations of the 
erythrinid fish Hoplias malabaricus (Characiformes) from 7 rivers in Brazil, the following monogenoidean (Dactylogyridae) species 
were found: Urocleidoides malabaricusi n. sp., Urocleidoides naris n. sp., Urocleidoides cuiabai n. sp., Urocleidoides brasiliensis n. sp., 
and Urocleidoides eremitus Kritsky, Thatcher, and Boeger, 1986. Specimens considered as a new genus of Dactylogyridae were also 
found. The new species are mainly distinguished from the other 14 species of Urocleidoides in the general morphology of their 
copulatory and anchors/bar complexes. These new species and the new dactylogyrid genus are described, as well as supplemental 
observations and new illustrations of U eremitus are provided. The present findings expand the known geographical distribution of 
species of Urocleidoides to southeastern and midwestern Brazil. A high speciation of this genus in the tropics is hypothesized, and it is 
briefly discussed. 
Most of the 14 known species of Urocleidoides Mizelle and 
Price 1964 (Monogenoidea: Dactylogyridae) (as amended by 
Kritsky et aI., 1986) have been described so far from the 
Neotropical (Brazil, Argentina, Trinidad, Colombia, and Pana-
ma) freshwater fish species of Characidium (Characidae), Brachy-
hypopomus (Hypopomidae), Ctenolucius (Ctenoluciidae), Curi-
mata (Curimatidae), Hop/ias (Erythrinidae), Hypopomus 
(Hypopomidae), Piabucina (Lebiasinidae), Poecilia, Xiphophorus 
(Poeciliidae), Rhytiodus (Anostomidae), and Saccodon (Parodon-
tidae) (Kritsky et aI., 1986; Jogunoori et aI., 2004; Mendoza-
Franco et aI., 2007; Mendoza-Franco and Reina, 2008). Species of 
Urocleidoides have also been described and/or reported from 
aquarium fishes, usually collected from their native habitats in the 
Neotropics, e.g., Urocleidoides reticulatus Mizelle and Price, 1964, 
from Poecilia reticulata Peters, 1859, and Urocleidoides vagino-
claustrum Jogunoori, Kritsky, and Venkatanarasaiah, 2004, from 
its type host, Xiphophorus hellerii Heckel, 1848. Both of these 
latter host species have been introduced into local streams, lakes, 
or aquariums in Israel, Czech Republic, India, California 
(U.S.A.), Trinidad, and central Mexico (see Kritsky et aI., 1986; 
Jogunoori et aI., 2004; Mendoza-Palmero and Aguilar-Aguilar, 
2008). During an ongoing study of the biodiversity and structure 
of parasite communities among native populations of Hop/ias 
malabaricus (Bloch, 1794) (Characiformes) in Brazilian rivers, 
specimens of 4 new species of Urocleidoides were found. In 
addition, I new dactylogyrid species (uncertain generic position) 
and 1 previously described species, Urocleidoides eremitus 
Kritsky, Thatcher, and Boeger, 1986, were also found. Herein, 
descriptions of the new species and some supplemental observa-
tions of U. eremitus are provided. 
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MATERIALS AND METHODS 
In total, 344 specimens of the trahira H. malabaricus were collected by 
using gill nets or baited hooks between rainy and dry seasons from May 
2006 to August 2007 in 7 rivers situated in 3 distinct geographic regions of 
Brazil: Guandu (22°48'N, 43°37'W), Jaguari-Mirim (22°28'N, 43°37'W), 
and Machado (21 °26'N, 45°50'W) from the southeast; Araguaia (13°23'N, 
500 39'W), Cristalino (13°22'N, 500 52'W), and Cuiaba (16°58'N, 56°25'W) 
from the midwest; and Parana (22°45'N, 53°16'W) between the south and 
midwestern regions. Collected fish were stored whole at - 20 C until 
examination. After thawing, gill arches were removed and placed in finger 
bowls containing 4-5% formalin solution to fix any of the ectoparasites 
that were present. The area between anterior and posterior nostrils was 
dissected, after which the nasal cavity was washed with a strong current of 
water using a syringe. The washings were placed in petri dishes and 
examined using a dissecting microscope. 
Monogenoids found were transferred individually to vials containing 
5% formalin for fixation. Subsequently, parasites found from the gills and 
nasal cavities were isolated and stained with Gomori's trichrome and 
mounted in Canada balsam for the study of their soft internal structures 
(Vidal-Martinez et aI., 2001). Additional specimens were mounted 
unstained using Gray and Wess's medium or a mixture of lactic-acid 
and glycerin-ammonium picrate (GAP; see Mendoza-Franco et al., 2009) 
to generate measurements and line drawings of sclerotized structures. 
Processed worms were remounted in Canada balsam according to 
Ergens (1969). All other measurements were obtained from unflattened 
specimens stained with Gomori's trichrome. Drawings were made with the 
aid of a drawing attachment for an Olympus microscope (Olympus 
Corporation, Tokyo, Japan) using differential interference contrast 
microscopy (DIC). Measurements, in micrometers, represent straight-line 
distances between extreme points of the structures measured (body length 
includes the haptor). 
Type and voucher specimens are deposited in the Helminthological 
Collection of the Oswaldo Cruz Institute (CHIOC), Rio de Janeiro, Brazil; 
the Coleccion Nacional de Helmintos (CNHE), Universidad Nacional 
Autonoma de Mexico, Mexico City; and the United States National 
Parasite Collection (USNPC), Beltsville, Maryland, as indicated. For 
comparative purposes, 4 paratype specimens of U eremitus (USNPC 
78764) were also examined. Scientific and common names of hosts are 
consistent with FishBase (Froese and Pauly, 2010). 
RESULTS 
With exception of the Araguaia and Cristalino Rivers from 
midwestern Brazil, specimens of Hop/ias malabaricus from all 
other rivers sampled were positive for mixed infections with 
different monogenoidean species. For example, H malabaricus 
from Cuiaba was infected with 6 species; in contrast, only 1 
monogenoidean species was observed on the same host species 
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TABLE I .. Occurrence o~ ~ species (4 ne~) of Urocleidoides (sensu stricto) and 1 at status of Dactylogyridae (Monogenoidea) on Hoplias malabaricus 
(Characlformes, Erythnmdae) from 7 nvers located in Brazil. 
Localities and hydrographic and geographic regions 
Guandu Araguaia Cristalino Cuiaba 
AtHl.ntico Sudeste 
Jaguari-Mirim 
Parana Machado Tocantins-Araguaia Paraguai (Pantanal) 
Southeastern 
Urocleidoides malabaricusi 
Urocleidoides naris + + 
Urocleidoides cuiabai + + 
Urocleidoides brasiliensis + 
Urocleidoides eremitus + + 
Dactylogyridae gen. sp. + 
• Type locality. 
from Araguaia and Cristalino (see Table I). While specimens of 5 
species infected the gill lamellae of H malabaricus, specimens of a 
single species appear to be restricted to the nasal cavities of this 
host. 
DESCRIPTIONS 
Urocleidoides malabaricusi n. sp. 
(Figs. 1, 4--12) 
Diagnosis (based on 3 stained specimens): Body 294 (260--352; n = 3) 
long, fusiform, slender; greatest width 51 (47-58; n = 3), at level of 
copulatory complex. Cephalic margin rounded; cephalic lobes moderately 
developed; 3 bilateral pairs of head organs; cephalic glands distinct, 
posterolateral to pharynx. Eyespots absent; accessory granules scattered in 
cephalic region. Pharynx spherical, 12 (10--14; n = 3) in diameter; 
esophagus moderately long. Peduncle slightly elongated; haptor subhex-
agonal, 58 (55-60; n = 3) wide. Ventral anchor 33 (31-37; n = 4) long, 
with elongate tapered superficial root, short tapered deep root, evenly 
curved shaft, elongate point; base (14--15; n = 2) wide. Dorsal anchor 30 
(26-35; n = 4) long, with moderately elongate tapered superficial root, 
poorly differentiated deep root, curved shaft, short point; base (15-17; n = 
2) wide. Ventral bar 33 (32-35; n = 3) long, straight or slightly V-shaped 
with enlarged terminations directed anteriorly. Dorsal bar 24 (22-26; n = 
3) long, slightly V-shaped. Hooks similar in shape, each with recurved 
point, depressed thumb, dilated shank; hook pair 1 reduced in size (pair 5 
not measured); filamentous hooklet (FH) loop one-half shank length; 
hook pair 1, 18 long; hook pairs 2, 3, 4, 6, and 7, 22 (20--25; n = 7) long. 
Copulatory complex surrounded by a conspicuous pad on the right side of 
the body midline, at level of anterior trunk (immediately posterior to the 
esophagus). Male copulatory organ (MCO) a looping or loose coil of 
about one-halfring, base with sclerotized flaps, 13-15 (n = 2) diameter of 
the first ring (when present) of the MCO. Accessory piece 13-14 (n = 2) 
long, comprising delicate sheath enclosing copulatory organ. Vagina 
sinistral: a delic.ate and slightly undulated tube, twisted before connecting 
to medial semmal receptacle anterior to germarium. Gonads slightly 
overlapping, germarium 24 long, 8 wide; testis dorsal, slightly visible at 
end of germarium. Seminal vesicle a distal enlargement (expansion) of vas 
deferens; 1 prostatic reservoir; oviduct, ootype, uterus not observed. 
Vaginal sclerite 24 (23-27; n = 4) long, composed of a variable grooved 
rod, distally hooked. Vitellaria scattered throughout trunk, absent in 
regions of reproductive organs. 
Taxonomic summary 
Type host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrin-
idae). 
Site of infection: Gill lamellae. 
Type locality/collection date: Cuiaba (16°58'N, 56°25'W), May 2007. 
Another locality/collection date: Parana (22°45'N, 53°16'W), October 
2006 (Table I). 
+ 
+ 
+ 
Parana 
+ 
+ 
+ 
+ 
+ 
Midwestern 
+ 
+* 
+* 
+* 
+* 
+ 
+ 
Specimens deposited: Holotype, 2 paratypes, and 2 vouchers in CHlOC 
37466 amd 37467. 
Etymology: Urocleidoides malabaricusi is named after its host. 
Remarks 
Although only 3 specimens of this species were found, we definitely 
consider them to represent a new species of Urocleidoides (sensu stricto) 
because they possess the primary characters, e.g., vaginal sclerite, 
distinguishing the genus. This species is easily separated from all other 
species of the genus based on the general morphology of anchors and by 
the presence of a conspicuous pad surrounding the copulatory complex on 
the right side of the body midline. 
Urocleidoides naris n. sp. 
(Figs. 2, 13-20) 
Diagnosis (based on 23 stained specimens and on 3 and 9 specimens 
mounted in Gray and Wess's medium and GAP, respectively): Body 282 
(20()....450; n = 16) long, fusiform, robust; greatest width 76 (40--105; n = 19), 
usually at level of gonads. Cephalic margin narrow; cephalic lobes 
moderately developed; 3 bilateral pairs of head organs; cephalic glands 
distinct, posterolateral to pharynx. Eyespots 4, subequal; members of 
posterior pair slightly closer together; accessory eye granules few in cephalic 
region. Pharynx subovate, 16 (14--19; n = 9) in diameter; esophagus long. 
Peduncle broad; haptor with semicircular posterior margin, 50 (37-63; n = 
17) wide. Ventral anchor 25 (23-29; n = 32) long, with protruding 
superficial root, short deep root, elongate curved shaft, and point extending 
past level of superficial anchor root; base 14 (13-15; n = 20) wide. Dorsal 
anchor 23 (20--26; n = 24) long, with protruding superficial root, short deep 
root, straight shaft, and elongate point extending past level of superficial 
anchor root; base 14 (12-16; n = 19) wide. Ventral bar 31 (26-40; n = 20) 
long, with expanded ends laterally oriented. Dorsal bar 31 (25-37; n = 6) 
long, rod-shaped, slightly arced on its medial portion. Hooks similar in 
s~ape and size, each 18 (16-21; n = 33) long, with straight shaft and point, 
sbghtly flattened thumb, dilated shank; filamentous hooklet (FH) loop one-
third shank length. MCO 26 (17-37; n = 17) long, a coil of about 1-2 rings, 
base with sclerotized marginal flap, 14 (12-17; n = 10) diameter of the first 
ring of the MCO. Accessory piece 17 (15-24; n = 15) long, distally bifurcate. 
Vagina not observed, apparently unsclerotized. Seminal receptacle not 
observed, apparently covered by egg. Gonads overlapping, germarium 59 
(55-63; n = 3) long, 19-20 wide; testis dorsal, 50 long, 14 wide, slightly 
visible at end of gerrnarium. Seminal vesicle, prostatic reservoir, oviduct, 
ootype, and uterus not observed. Vaginal sclerite 31 (21-52; n = 24) long, 
composed of grooved rod distally hooked. Vitellaria scattered throughout 
tnmk, absent in regions of reproductive organs. 
Taxonomic summary 
Type host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrin-
idae). 
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FIGURES 1-3. Whole-mount drawings of species of Urocleidoides (ventral views). (1) Urocleidoides malabaricusi n. sp. (2) Urocleidoides naris n. sp. (3) 
Urocleidoides cuiabai n. sp. 
Site of infection: Nasal cavities. 
Type locality/collection date: Cuiaba (l6°58'N, 56°25'W), May 2007. 
Other localities/collection dates: Guandu (22°48'N, 43°37'W), May 2006 
and 2007; Jaguari-Mirim (22°28'N, 43°37'W), May 2007; and Machado 
(21°26'N, 45°50'W), October 2006 (see Table J). 
Specimens deposited: Holotype and 10 paratypes in CHIOC (37468); 12 
paratypes CNHE (7668); 12 vouchers specimens USNPC (104431). 
Etymology: The specific name is a noun derived from Latin (naris = the 
nostrils, nose) and refers to the site of infection of this monogenoidean 
species. 
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FIGURES 4-20. Haptoral and copulatory sclerites of species of Urocleidoides. (4-12) Urocleidoides malabaricusi n. sp. (4) Ventral anchor. (5) Hook. (6) 
Dorsal anchor. (7) Vaginal sclerite. (8, 9) Copulatory complexes. (10, II). Ventral bars. (12) Dorsal bar. (13-20) Urocleidoides naris n. sp. (13) Ventral 
bar. (14) Hook. (15) Dorsal anchor. (16) Vaginal sclerite. (17) Copulatory complex. (18, 19). Ventral bars. (20) Dorsal bar. All figures are drawn to the 
25-!ffi1 scale, except 16 (15 I!m). 
Remarks 
Based on morphology of anchors, this species resembles Urocleidoides 
flegomai Mendoza-Franco, Aguirre-Macedo, and Vidal-Martinez, 2007, 
from Piabucina panamensis (Lebiasinidae) in Panama, Central America, 
and Urocleidoides vaginoclaustrum Jogunoori, Kritsky, and Venkatanar-
asaiah, 2004, from an introduced host Xiphophorus hellerii Heckel, 1848, in 
India. These monogenoideans possess anchors with curved shaft and 
elongate point extending past level of superficial anchor root (see Jogunoori 
et aI., 2004; Mendoza-Franco et aI., 2007). It differs from these latter in 
having a coiled MCO with 1-2 rings (ranging from 4 to 5 rings in U. 
flegomai and U. vaginoclaustrum) and by the shape (distally hooked vs. 
slightly hooked distally and "sickle-shaped end" in U. flegomai and U. 
vaginoclaustrum, respectively) of the vaginal sclerite. This is the only 
described species of Urocleidoides infecting the nasal cavity of its host. 
Urocleidoides cuiabai n. sp. 
(Figs. 3, 21-34) 
Diagnosis (based on 6 stained specimens and on 4 mounted in GAP): 
Body 304 (180-453; n = 7) long, fusiform, robust; greatest width 61 (53-
76; n = 6), at level of gonads. Cephalic margin broad; cephalic lobes 
moderately developed; 3 bilateral pairs of head organs; cephalic glands 
indistinct. Eyespots 2; few accessory granules in anterior position of the 
eyespots. Pharynx subovate, 15 (12-17; n = 5) in diameter; esophagus 
absent. Peduncle moderately elongated; haptor subtrapezoidal, 64 (57-70; 
n = 5) wide. Ventral anchor 46 (40-52; n = 19) long, variable in shape, 
with poorly differentiated roots, elongate curved shaft, short and open 
point; base 29 (26-32; n = 4) wide. Dorsal anchor 48 (42-52; n = 21) long, 
with elongate tapered superficial root, almost inconspicuous deep root, 
straight shaft, moderately long point; base 30 (26-33; n = 9) wide. Ventral 
bar 41 (38-48; n = 9) long, straight to slightly arced on its medial portion 
with prominent extremities directed anteriorly. Dorsal bar 31 (28-35; n = 
7) long, straight to V-shaped with bifurcated ends. Hooks similar in shape, 
each with evenly curved shaft, short point, depressed thumb, dilated 
shank; hook pairs 1, 5 reduced in size (pair 5 not measured); filamentous 
hooklet (FH) loop one-quarter shank length; hook pair 1, 18 (17-19; n = 
3) long; hook pairs 2,3,4,6, and 7, 24 (22-28; n = 8) long. MCO 42 (33-
70; n = 9) long, coil of about 2-3 rings, base with lateral flange, 20 (19-22; 
n = 3) diameter of the first ring of the MCO. Accessory piece 41 (38-48; n 
= 9) long, variable, distally hooked. Vagina corrugated bag opening on 
left side of body margin leading to undifferentiated seminal receptacle on 
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FIGURES 21-39. Haptoral and copulatory sclerites of Urocleidoides cuiabai n. sp. (21-34) from Cuiaba. (21) Ventral anchor. (22) Dorsal anchor. (23) 
Hook. (24) Ventral bar. (25) Dorsal bar. (26) Vaginal sclerite. (27) Copulatory complex. (28) Ventral anchor. (29) Dorsal anchor. (30, 31) Ventral bars. 
(32,33) Dorsal bars. (34) Vaginal sclerite. (35-39) Haptoral and copulatory complex from Jaguari-Mirim. (35) Ventral anchor. (36) Dorsal anchor. (37) 
Ventral bar. (38) Dorsal bar. (39) Copulatory complex. All figures are drawn to the 25-1ffil scale, except 23 (15 Iffil). 
midventral position. Gonads overlapping, germarium 20-23 long, 16 wide; 
testis dorsal, 28 (17-38; n = 3) long, 13-14 wide. Seminal vesicle a distal 
enlargement (expansion) of vas deferens; 1 prostatic reservoir; oviduct, 
ootype, and uterus not observed. Vaginal sclerite 45 (34--48; n = 10) long, 
composed of grooved rod with distal hook at acute or tapered subterminal 
projection. Vitellaria scattered throughout trunk, absent in regions of 
reproductive organs. 
Taxonomic summary 
Type host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrinidae). 
Site of infection: Gill lamellae. 
Type locality/collection date: Cuiaba (16°58'N, 56°25'W), May 2007. 
Other localities/collection date: Guandu (22°48'N, 43°37'W), May 2006 
and 2007; Jaguari-Mirim (22°28'N, 43°37'W), May 2007; Parana 
(22°45'N, 53°16'W), October 2006; and Araguaia (13°23'N, 500 39'W), 
August 2007 (see Table I). 
Specimens deposited: Holotype and 9 para types in CHIOC (37469), and 
CNHE (7669). 
Etymology: This species is named for the locality from which it was 
collected. 
Remarks 
This species is distinguished from all other congeners of the genus in 
having a straight to U-shaped dorsal bar with bifurcated ends. The new 
species resembles Urocleidoides piriatiu Mendoza-Franco and Reina, 2008, 
from Ctenolucius beani (Fowler, 1907) (Ctenoluciidae) in Panama, U. 
eremitus from H. malabaricus and Urocleidoides paradoxus Kritsky, 
Thatcher, and Boeger, 1986, from Rhytiodus microlepis (Kner, 1858) 
(Anostomidae) from Brazil, and Urocleidoides hypopomi Suriano, 1997, 
from Brachyhypopomus brevisrostris (Steindachner, 1868) (Hypopomidae) 
in Argentina (Kritsky et aI., 1986; Suriano, 1997; Mendoza-Franco and 
Reina, 2008). All these monogenoideans possess a coiled MCO ranging 
from 2 to 3 rings. Urocleidoides cuiabai showed notable morphological 
variation of its haptoral structures, probably as result of the geographical 
distance of individual localities, i.e., Cuiaba vs. Jaguari-Mirim (see 
Figs. 21-39,92). 
Urocleidoides brasiliensis n. sp. 
(Figs. 4~9) 
Diagnosis (based on 6 stained specimens from Cuiaba and on 5 from 
Cristalino [brackets)): Body 565 (520-618; n = 5) (504 [373-585; n = 3]) 
long, fusiform; greatest width 79 (66-97; n = 5) (70 [54-102; n = 3]), 
usually at level of germarium. Cephalic margin broad; cephalic lobes 
moderately developed; 3 bilateral pairs of head organs; cephalic glands 
indistinct. Eyespots 2; accessory granules not observed. Pharynx spherical, 
20 (17-22; n = 5) (17 [16-18; n = 3]) in diameter; esophagus absent. 
Peduncle elongate; haptor subhexagonal, 71 (66-75; n = 3) (73 [60-88; n = 
3]) wide. Ventral anchor 50 (48-52; n = 6) (55 [54-58; n = 6]) long, with 
elongate superficial root, rounded deep root, evenly curved shaft, short 
point; base 35 (34-37; n = 4) (43 [41-45; n = 3]) wide. Dorsal anchor 37 
(36-47; n = 10) (38 [34-41; n = 6]) long, with tapered superficial root, 
poorly developed deep root, short shaft, moderately long point; base 26 
(23-30; n = 4) (28 [25-30; n = 4]) wide. Ventral bar 39 (32-49; n = 4) (45 
[36-55; n = 5]) long, variable in size, straight, with dilated ends directed 
anteriorly. Dorsal bar 37 (32-46; n = 4) (32-45) long, variable in shape, 
straight to slightly curved ends. Hooks similar in shape, each with straight 
shaft, short point, depressed thumb, dilated shank; hook pairs I, 5 reduced 
in size; filamentous hooklet (FH) loop one-third shank length; hook pair 
I, 19 (18-22; n = 4) (23) long; hook pairs 2,3,4,6, and 7,24 (21-26; n = 
9) (24 [23-26; n = 6]) long; hook pair 5, 18 (n = 2). MCO 44 (40-55; n = 
6) (43 (35-48; n = 4]) long, coil of about 3 rings, base with lateral flange, 
18 (17-19; n = 3) (18-25) diameter of first ring of MCO. Accessory piece 
30 (25-33; n = 5) (32 [30-36; n = 4]) long, grooved, distally bent, and 
rounded. Vagina irregular bag opening on left side of the body margin 
leading to an undifferentiated seminal receptacle on midventral position. 
Gonads overlapping, germarium 44-68 (44) long, 23 (n = 2) (44) wide; 
testis dorsal, 42-72 long, 18 wide. Seminal vesicle a distal enlargement of 
vas deferens; 1 prostatic reservoir; oviduct, ootype, and uterus not 
observed. Vaginal sclerite 17 (15-18; n = 5) (16 [16-17; n = 3]) long, 
composed of grooved rod with distal hook, subterminal short projection. 
Vitellaria scattered throughout trunk, absent in regions of reproductive 
organs. 
Taxonomic summary 
Type host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrin-
idae). 
Site oj injection: Gill lamellae. 
Type locality/collection date: Cuiaba (16°58'N, 56°25'W), May 2007. 
Other localities/collection date: Guandu (22°48'N, 43°37'W), May 2006 
and 2007; Parana (22°45'N, 53°16'W), October 2006; and Cristalino 
(l3°22'N, 500 52'W), August 2007 (see Table I). 
Specimens deposited: Holotype and 5 paratypes in CHIOC (37470), and 
6 vouchers in CNHE (7670-7671). 
Etymology: This species is named for the country from which it was 
collected. 
Remarks 
This species differs from all other species of the genus in having ventral 
anchors with an elongate superficial root, a rounded deep root, an evenly 
curved shaft, and short point. The new species resembles Urocleidoides 
visioJortatus Mendoza-Franco and Reina, 2008, from Brachyhypopomus 
occidentalis (Regan, 1914) (Hypopomidae) from Panama and U. cuiabai 
(present study) in the general morphology of their haptoral structures. For 
example, all these monogenoideans possess ventral anchors with a 
prominent superficial root, a distally rounded deep root, and an evenly 
curved shaft (present in U. brasiliensis and U. visioJortatus) and vaginal 
opening consisting of an irregular bag on left side of body midline (present 
in U. brasiliensis and U. cuiabai). Urocleidoides brasiliensis differs from U. 
visioJortatus and U. cuiabai in having 2 eyespots (absent in U. 
visioJortatus), a short point of the ventral anchor (elongate point in U. 
visioJortatus), and by the size of the vaginal sclerite (length 15-18 vs. 20-25 
and 34-48 in U. visiolortatus and U. cuiabai, respectively) and ventral 
anchors (length 48-52 vs. 37-44 in U. visiofortatus) (see Mendoza-Franco 
and Reina, 2008; present study). Similar to U. cuiabai, specimens of this 
new species showed some morphological differences between Cuiaba and 
Parana Rivers (see Figs. 43-53). 
EMENDED DESCRIPTION 
Uroc/eidoides eremitus Kritsky, Thatcher, and Boeger, 1986 
(Figs. 54-61, 64-65) 
Supplemental observations: Measurements from different hosts and 
localities are provided in Table II. 
Taxonomic summary 
Host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrinidae). 
Site oj injection: Gill lamellae. 
Locality/collection date: Guandu (22°48'N, 43°37'W), May 2006 and 
2007. 
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Other localities/collection date: Jaguari-Mirim (22°28'N, 43°37'W), May 
2007; Machado (21 °26'N, 45°50'W), October 2006; and Cuiaba (l6°58'N, 
56°25'W), May 2007 (Table I). 
Specimens deposited: 37 voucher specimens CHIOC (37471), CNHE 
(7672), and USN PC (104432). 
Remarks 
At the beginning of this research, we considered that present specimens 
would require the description of a new species of Urocleidoides because of 
the presence of a character not previously described in species of this 
genus, i.e., distal tip of the vaginal sclerite that emerges from a 
conspicuous pad on the left side of the body midline, at the level of the 
anterior trunk (see Figs. 54, 55). However, morphometric comparison of 
all other sclerotized structures, as well as distribution of internal organs of 
present specimens, and those from the original description of the only 
other previously described species of this genus, U. eremitus, from the 
same host species, H. malabaricus in Brazil (see Kritsky et aI., 1986), 
indicated that new specimens are con specific with this latter monogenoid. 
In addition to this character mentioned above, the only metric difference 
between present specimens and those of U. eremitus as originally described 
is in the length of the MCO, i.e., 17-30 vs. 136. While these 2 latter 
characters are distinctive in present specimens, the shape and size of all 
other features, i.e., accessory piece, diameter of the first ring of the MCO, 
anchors, vaginal sclerite, etc., fit well into the diagnosis of U. eremitus. 
Therefore, in order to avoid synonymies in the future, we consider that 
these 2 characters are not sufficient to warrant erection of a new species of 
Urocleidoides and so designate the present specimens to be con specific 
with U. eremitus. Furthermore, based on further examination, present 
specimens from southeastern and midwestern Brazil do not differ 
significantly in detail from the type specimens of U. eremitus (USNPC 
78764) from northern Brazil, i.e., Janauaca Lake, near Manaus, 
Amazonas (see map in Fig. 92). Thus, we did not observe a conspicuous 
pad in the unstained type specimens. Based on all of these features, this 
latter character, as well as the length of the MCO in present specimens, we 
would suggest that a semidistinct morph of U. eremitus occurs in the 
southeastern and midwestern areas of Brazil. 
In the present study, U. eremitus specimens from different localities 
occur on the same host species, and these noted shape and size differences 
might be considered intraspecific variation, probably attributable to 
geographical distance, i.e., northern vs. southeastern and midwestern 
Brazil. A more plausible explanation for these morphological differences, 
mainly the presence of a pad of U. eremitus from southeastern and 
midwestern Brazil, compared to those from northern Brazil, requires 
further study of living specimens to verify this character. To date, U. 
eremitus has been reported from Janauaca Lake, Brazil (type locality), 
Madre de Dios River from southeastern Peru, and Chascomus Lake from 
Buenos Aires, Argentina (Kritsky et aI., 1986; Suriano, 1997; Kohn and 
Cohen, 1998). The Guandu, Jaguari-Mirim, Machado, and Cuiaba Rivers 
in Brazil (present study) represent new locality records for U. eremitus. 
Interestingly, U. eremitus does not occur in the Parana River (see Table I). 
This is consistent with earlier parasitological studies conducted on this 
river for 7 yr of collection (from 2000 to 2007), which also noted the 
absence of U. eremitus in H. malabaricus (see Takemoto et aI., 2009). 
Similar to U. cuiabai and U. brasiliensis, present specimens of U. eremitus 
showed intraspecific variability among J aguari-Mirim (Figs. 62-63), 
Machado (Figs. 66-69), and Cuiaba Rivers (Figs. 70-74). 
Oactylogyridae gen. sp. 
(Figs. 75-82) 
Diagnosis (based on 15 stained specimens): Body fusiform, robust; 
greatest width usually at level of gonads. Cephalic margin narrow; 
cephalic lobes moderately developed; 3 bilateral pairs of head organs; 
cephalic glands distinct, posterolateral to pharynx. Eyespots 4; accessory 
granules not observed. Pharynx spherical; esophagus moderately long. 
Peduncle elongate; haptor subtrapezoidal. Ventral anchor with tapered 
superficial root, rounded deep root, evenly bent shaft, and moderately 
long point. Dorsal anchor with depressed superficial root, expanded deep 
root, curved shaft and point. Ventral bar variable, rod-shaped to slightly 
arced on its medial portion with slightly enlarged terminations. Dorsal bar 
rod-shaped with slightly enlarged ends. Hooks similar in shape, each with 
recurved point, depressed thumb, dilated shank; hook pair 1 reduced in 
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FIGURES 40-53. Urocleidoides brasiliensis n. sp. (40-49) from Cuiaba. (40) Composite illustration of entire specimen (ventral). (41) Hook. (42) 
Copulatory complex. (43) Ventral anchor. (44) Vaginal sc1erite. (45) Dorsal anchor. (46, 48) Ventral bars. (47, 49) Dorsal bars. (50-53) Anchors and bars 
from Parana. (50) Ventral anchor. (51) Dorsal anchor. (52) Ventral bar. (53) Dorsal bar. All figures are drawn to the 25-!Lm scale, except 40 (100 !Lm), 41 
(15 !Lm), and 42 (20 !Lm). 
ROSIM ET AL.-UROCLEIOOIOES SPP. FROM BRAZIL 413 
57 
6~ 
62 63 64 65 
~ 
'" M 6~ 
67 
66 7~ ~ 71 ~ 
72 
54 
73 
FIGURES 54-74. Urocleidoides eremitus (54-61) from Guandu. (54) Composite illustration of entire specimen (ventral). (55) Vaginal sclerite. (56) 
Ventral anchor. (57) Dorsal anchor. (58) Hook. (59) Ventral bar. (60, 61) Dorsal bars. (62, 63) Anchors from Jaguari-Mirim. (62) Ventral anchor. (63) 
Dorsal anchor. (64, 65) Copulatory complexes from Guandu. (66-69) Anchors and bars from Machado. (66) Ventral anchor. (67) Dorsal anchor. (68) 
Ventral bar. (69) Dorsal bar. (70-74) Anchors and bars from Cuiaba. (70, 71) Ventral bars. (72) Dorsal bar. (73) Ventral anchor. (74) Dorsal anchor. All 
figures are drawn to the 25-!-lm scale, except 54 (100 !-lm), 55 (30 !-lm), 58 (10 !-lm), and 64-65 (20 !-lm). 
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TABLE II. Measurements of Urocleidoides eremitus Kritsky, Thatcher, and Boeger, 1986 (Dactylogyridae), from the gill lamellae of Hoplias malabaricus 
(Characiformes) from 4 rivers of Brazil. 
Localities 
Guandu Jaguari-Mirim Machado Cuiaba 
Body length 
Greatest width 
Pharynx 
Haptor width 
Ventral anchor length 
Base width 
Dorsal anchor length 
Base width 
Ventral bar length 
Dorsal bar length 
Hook pair 1 
Hook pairs 2, 3, 4, 6, 7 
Hook pair 5 
489 (345-590; n = 38) 
66 (50-82; n = 36) 
18 (15-24; n = 26) 
67 (53-87; n = 29) 
51 (38-58; n = 49) 
32 (27-37; n = 22) 
43 (35-49; n = 50) 
27 (23-31; n = 18) 
34 (31-36; n = 22) 
30 (26-38; n = 26) 
20 (18-22; n = 15) 
25 (23-28; n = 41) 
18 (17-20; n = 12) 
23 (17-30; n = 30) 
16 (13-20; n = 34) 
18 (15-20; n = 19) 
67 (50-93; n = 20) 
17 (10--23; n = 13) 
55 (45-75; n = 5) 
303 (245-360; n = 3) 
45 (38-50; n = 4) 
12 (12-13; n = 4) 
59 (53-70; n = 4) 
42 (38-48; n = II) 
27 (25-30; n = 7) 
34 (31-38; n = 10) 
21 (19-23; n = 4) 
35 (29-34; n = 5) 
29 (25-28; n = 4) 
17 (15-18; n = 3) 
23 (20-24; n = 9) 
563 (262-725; n = 7) 
62 (47-75; n = 7) 
17 (15-19; n = 7) 
68 (n = 2) 
49 (43-58; n = 18) 
32 (29-33; n = 7) 
42 (38-46; n = 23) 
26 (23-27; n = 11) 
35 (30-33; n = 6) 
32 (27-44; n = 6) 
19 (18-20; n = 4) 
25 (23-25; n = 15) 
379 (280--520; n = 16) 
51 (40-58; n = 14) 
15 (11-16; n = 10) 
61 (50":'75; n = 16) 
46 (41-53; n = 34) 
30 (27-35; n = 18) 
40 (37-46; n = 38) 
25 (20-27; n = 24) 
36 (28-49; n = 19) 
29 (25-37; n = 13) 
21 (19-24; n = 6) 
24 (20-27; n = 26) 
18 (17-20; n = 13) 
26 (21-30; n = 16) 
19 (13-22; n = 12) 
22 (15-28; n = 3) 
19 
MCO length 
First ring of MCO 
Accessory piece 
Germarium length 
Germarium width 
Testis length 
Testis width 
26 (22-35; n = 6) 
19 (16-22; n = 7) 
20--25 
24 (21-29; n = II) 
17 (15-19; n = 6) 
20 (14--24; n = 3) 
28 
12 (10--14; n = 5) 
70--90 
8 
Scleri te length 32 (26-41; n = 20) 31 (27-34; n = 4) 25 (21-28; n = 6) 29 (24--35; n = 11) 
size (pair 5 not measured); filamentous hooklet (FH) loop one-half shank 
length. Male copulatory organ a coil of about 1-1.5 rings, base with 
slightly sclerotized flange. Accessory piece sigmoid, distally hooked. 
Vagina not observed, apparently unsclerotized. Seminal receptacle, vas 
deferens, and seminal vesicle not observed. Gonads overlapping, testis 
dorsal. Prostatic reservoir, oviduct, ootype, and uterus not observed. 
Vitellaria scattered throughout trunk, absent in regions of reproductive 
organs. Measurements from different localities are provided in Table III. 
Taxonomic summary 
Host: Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrinidae). 
Site of infection: Gill lamellae. 
Locality/collection date: Jaguari-Mirim (22°28'N, 43°37'W), May 2007. 
Other localities/collection date: Parana (22°45'N, 53°16'W), October 
2006; Machado (21°26'N; 45°50'W), October 2006; and Cuiaba (16°58'N, 
56°25'W), May 2007 (Table I). 
Specimens deposited: 15 reference specimens CHIOC (37472), CNHE 
(7673), and USNPC (104433). 
Remarks 
Present specimens exhibit diagnostic features, some of which are also 
present in other dactylogyrids. However, the suite of features does not fit 
with the diagnosis of currently known dactylogyrid genera with species 
infecting Brazilian or tropical freshwater fishes. Our posture here is 
conservative and denotes the need for a comparative morphology analysis 
based on new collections of additional forms of this group from new 
geographical areas and host species to formally establish a new genus of 
the Dactylogyridae to accommodate present specimens. For example, the 
7 rivers sampled for monogenoids in the present study are embedded in 4 
(see Table I; Fig. 92) from a total of 12 hydrographic zones in Brazil 
(Porto and Porto, 2008). Unless new information about monogenoidean 
specimens from new areas and hosts become available, we consider present 
specimens from H. malabaricus as Dactylogyridae. Similar to the 
previously described species in this paper, present specimens exhibited 
some morphologic differences among locations, i.e., differences in the 
anchorslbars of specimens from Parana (Figs. 83-86), anchors/copulatory 
complex from Machado (Figs. 87-89), and anchors from Cuiaba 
(Figs. 90--91). 
DISCUSSION 
Prior to the present investigation, Urocleidoides consisted of 14 
accepted species infecting tropical freshwater fish species from a 
wide spectrum of 9 host families, i.e., Characidae, Ctenoluciidae, 
Curimatidae, Erythrinidae, Hypopomidae, Lebiasinidae, Poecili-
idae, Anostomidae, and Parodontidae. The species described and! 
or reported (4 new, 1 known, and 1 at the status of 
Dactylogyridae) herein expand our knowledge of the monoge-
noidean fauna on the erythrinid species of H. malabaricus. 
Previous monogenoideans described on this host species are U. 
eremitus (Dactylogyridae) and Gyrodactylus trairae Boeger and 
Popazoglo, 1995 (Gyrodactylidae) from Brazil (see Kritsky et aI., 
1986; Boeger and Popazoglo, 1995). Based on current available 
information, diversification of Urocleidoides in the tropics could 
be high because of the opportunity to colonize and speciate on 
members of a wide number of piscine families. Species of this 
genus occur on their native hosts (some of them introduced to 
new areas) from the Chascomus Lake in Argentina (see Suriano, 
1997) to northern Mexico, i.e., Urocleidoides vaginoclaustrum 
from the tropical native host Xiphophorus hellerii (Poeciliidae), 
which have been introduced into northern Mexico, and Uroclei-
do ides sp. from the native Profundulus sp. (Profundulidae) 
(Mendoza-Palmero and Aguilar-Aguilar, 2008). Comparatively, 
speciation of other tropical (mainly from South America) 
dactylogyrid genera is currently evident on host species repre-
senting a few families. For example, 19 species of Sciadicleithrum 
Kritsky, Thatcher, and Boeger, 1989, 14 species of Gussevia Kohn 
and Paperna, 1964, and 1 species of Trinidactylus Hanek, Molnar, 
and Fernando, 1974, occur on representatives of the Cichlidae; 
~65 species of Anacanthorus Mizelle and Price, 1965, occur on 
members of Characidae and Serrasalmidae; 4 species of Amelo-
blastella Kritsky, Mendoza-Franco, and Scholz, 2000, and 4 
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78~ 
79 
~ ~ 
80 81 
82 
~ 
85 
83 ~ 86 
89 
75 91 
FIGURES 75-91. Dactylogyridae gen. sp. (75-82) from Jaguari-Mirim. (75) Composite illustration of entire specimen (ventral). (76) Ventral anchor. 
(77) Dorsal anchor. (78) Hook. (79) Copulatory complex. (80) Ventral bar. (81) Dorsal bar. (82) Copulatory complex. (83-86) Anchors and bars from 
Parana. (83) Ventral anchor. (84) Dorsal anchor. (85) Ventral bar. (86) Dorsal bar. (87-89) Anchors and copulatory complex from Machado. (87) 
Ventral anchor. (88) Dorsal anchor. (89) Copulatory complex. (90,91) Anchors from Cuiaba. (90) Ventral anchor. (91) Dorsal anchor. All figures are 
drawn to the 25-1illl scale, except 75 (100 Iilll), 79, 82, and 89 (20 Iilll). 
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TABLE III. Measurements of Dactylogyridae gen. sp. from the gill lamellae of HopUas malabaricus (Characiformes) from 4 rivers of Brazil. 
Jaguari-Mirim* Parana 
Body length 
Greatest width 
Pharynx 
Haptor width 
623 (534-738; n = IS) 
104 (85-132; n = 17) 
30 (22-38; n = 16) 
62 (53-68; n = 13) 
28 (25-32; n = 14) 
24 (22-26; n = 14) 
35 (30-39; n = 18) 
26 (25-27; n = 6) 
112 
27-28 
65 
Ventral anchor length 
Base width 
Dorsal anchor length 
Base width 
Ventral bar length 
Dorsal bar length 
Hook pair I 
34 (29-37; n = 4) 
27 (26-28; n = 4) 
25 (25-26; n = 3) 
37 (36-37; n = 3) 
27 (27-28; n = 3) 
35 (32-36; n = 3) 
Hook pairs 2, 3, 4, 6, 7 
Hook pair 5 
MCO length 
First ring of MCO 
Accessory piece 
Germarium length 
Germarium width 
Testis length 
Testis width 
• Present description. 
36 (32-44; n = 5) 
19 (18-20; n = 11) 
14 
29 (25-33; n = 17) 
14 (12-15; n = 3) 
25 (20-28; n = 13) 
67 (53-84; n = 4) 
26 (22-30; n = 5) 
70 
34-35 
18 (18-19; n = 5) 
14-15 
31 (27-35; n = 3) 
24-28 
species of Aphanoblastella Kritsky, Mendoza-Franco, and Scholz, 
2000, are found on members of Pimelodidae and Heptapteridae; 
19 species of Demidospermus Suriano, 1983 (Kritsky and 
Gutierrez, 1998) occur on members of Loricariidae, Pimelodidae, 
and Auchenipteridae; 6 species of Diaphorocleidus occur on 
members of Characidae; 3 species of Palombitrema (Price and 
Busing, 1968) Suriano, 1997, occur on members of Curimatidae 
and Characidae; and 15 species of Amphithecium Boeger and 
Kritsky, 1998, occur on members of Serrasa1midae, among many 
other genera containing dactylogyrids on hosts of other families 
(Kritsky et aI., 1992, 1997, 2000; Mendoza-Franco and Vidal-
Martinez, 2005; Mendoza-Franco and Scholz, 2009; Mendoza-
Franco et aI., 2009; Cepeda and Luque, 2010; Ferrari-Hoeinghaus 
et aI., 2010; Monteiro et aI., 2010). While many host families have 
been extensively studied for parasites, e.g., cich1ids and serrasa1-
mids, others are still poorly known, e.g., the 9 families mentioned 
here to contain potential hosts of species of Urocleidoides. The 
absence of a phylogenetic hypothesis for species of Urocleidoides 
also limits our ability to determine potential co-evolutionary 
relationships of these parasites and their hosts in the tropics. 
Localities 
92 
Machado 
714 (570-880; n = 5) 
120 (102-133; n = 3) 
33 (32-35; n = 4) 
68 (60-82; n = 3) 
32 (30-35; n = 4) 
26 
40 (38-41; n = 3) 
26 
31-36 
34 (32-35; n = 3) 
18 (18-19; n = 3) 
29 (26-34; n = 3) 
25 (22-28; n = 4) 
77 (46-115; n = 3) 
32 (20-40; n = 4) 
) 
~" / / 
-~'lh 
Cuiaba 
676 (575-720; n = 6) 
117 (110-130; n = 5) 
35 (33-42; n = 6) 
64 (60-70; n = 4) 
29 (28-31; n = 3) 
34 (28-39; n = 7) 
22-29 
32 (29-37; n = 3) 
33 (32-35; n = 4) 
30 (25-33; n = 4) 
26 (24-25; n = 3) 
73 (45-100; n = 4) 
26 (20-34; n = 3) 
57-80 
17-184 
In the present study, specimens of the same monogenoidean 
species from different localities showed some differences in shape 
of their anchors and bars, i.e., U. brasiliensis. Therefore, these 
morphologic differences should be seriously taken with caution in 
future parasitological studies to delimit morphological boundaries 
of each species or recognize intermediate forms of the same 
species from H. malabaricus. Herein, we consider specimens from 
4 rivers to be con specific with U. eremitus until further study of 
living specimens can be conducted to clarify the morphologic 
differences found between type and present specimens of this 
species. The generic characters, e.g., vaginal sclerite, used to 
identify present specimens are in agreement with those provided 
by Kritsky et ai. (1986). A noteworthy observation is that the 
ventral bar with enlarged ends appeared to be consistent in 
FIGURE 92. Map of South America showing localities from Brazil, 
Peru, and Argentina from which current and previous monogenoidean 
species on HopUas malabaricus (Characiformes) have been described and! 
or reported: (1) Janauaca Lake, Amazonas, Brazil (Kritsky et aI., 1986). 
(2) Madre de Dios River from southeastern Peru (Kohn and Cohen, 1998). 
(3) Cristalino River. (4) Araguaia River. (5) Cuiaba River. (6) Chascomus 
Lake from Buenos Aires, Argentina (Suriano, 1997). (7) Parana River. (8) 
Jaguari-Mirim River. (9) Machado River. (10) Guandu River. 
present collections as well as in the original descriptions of 
previous species of this genus. Thus, this character could be 
considered as a generic character for Urocleidoides. 
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PREVALENCE OF ANTIBODIES TO TOXOPLASMA GONDIIIN DOGS FROM 
NORTHEASTERN PORTUGAL 
A. P. Lopes, H. Santos, F. Neto, M. Rodrigues*, O. C. H. Kwokt, J. P. Dubeyt§, and L. Cardosot 
Department of Veterinary Sciences, University of Tras-os-Montes e Alto Douro, P.O. Box 1013, 5001-801 Vila Real, Portugal. e-mail: jitender, 
dubey@anri.barc.usda.gov 
ABSTRACT: Prevalence of antibodies to Toxoplasma gondii was investigated in 673 domestic dogs from northeastern Portugal, using 
the modified agglutination test (MAT) with I :20 as cutoff for seropositivity; antibodies were found in 256 dogs (38,0%). Differences 
between seroprevalence levels in males (36.7%) and females (41.8%) and between pure-breed (42.1%) and mixed-breed dogs (35.2%) 
were not statistically significant. Multiple logistic regression analysis identified age above 12 mo (odds ratio [OR] = 4.0), chance of 
eating birds or small mammals (OR = 4.0), housing exclusively outdoors (OR = 1.5), home-cooked meals (OR = 3.0), and eating raw 
meat or viscera (OR = 7.7) as risk factors for the canine T gondii infection. Some control measures are suggested based on these 
findings. 
Toxoplasma gondii infections are prevalent worldwide in warm-
blooded animals, including humans (Dubey, 2009). Toxoplasma 
gondii infection in dogs is important for 3 reasons. Toxoplasmosis 
can cause fatal illness in dogs (Mello, 1910; Dubey and Beattie, 
1988). Dogs can be used as sentinels of environmental contam-
ination with T. gondii oocysts (Meireles et aI., 2004; Salb et aI., 
2008), and they can be a direct source of infection for humans. A 
greater risk of seroconversion was found for children in contact 
with dogs in comparison with cats (Frenkel et aI., 2003). This was 
related to the habit of dogs of ingesting and rolling on cat feces, 
and people becoming infected by petting the dogs. Experimental-
ly, dogs were shown to mechanically transport T. gondii oocysts 
(Lindsay et aI., 1997), and viable T. gondii oocysts were found in 
feces of naturally exposed dogs (Schares et aI., 2005). The 
consumption of improperly cooked infected meat can be a 
supplementary health risk to consumers in countries where dogs 
serve as food animals (Dubey et aI., 2007). 
Recently, the worldwide prevalence of T. gondii and associated 
risk factors in dogs were summarized by Dubey (2009). To our 
knowledge, there is no published study on T. gondii infection in 
dogs in Portugal. The present study aimed at estimating the 
seroprevalence of T. gondii infection in dogs and assessing risk 
factors associated with the presence of specific antibodies in the 
canine population. 
MATERIALS AND METHODS 
Between March 2008 and November 2009, serum samples were 
obtained from 673 domestic dogs in northeastern Portugal. Animals were 
sampled in veterinary clinics (n = 435), field antirabies vaccination 
initiatives (n = 227), or municipal kennels (n = II). Information for each 
sampled animal was registered using 8 independent variables as shown in 
Table 1. After informed consent, blood samples were collected from the 
cephalic or jugular veins and placed into tubes without anticoagulant. 
Following centrifugation of clotted blood at 1,000 g for 10 min, serum 
aliquots were stored at -20 C. 
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Sera samples were tested for immunoglobulin (Ig) G antibodies to T 
gondii by means of the direct agglutination test using a commercial kit 
(Toxo-Screen DA®; bioMerieux, Lyon, France). A titer of 1:20 was 
considered seropositive (Lopes et aI., 2008). This commercial test is based 
on the method published by Desmonts and Remington (1980). In this test, 
whole formalin-fixed tachyzoites are used as antigen, and sera are first 
treated with 2 M mercaptoethanol to destroy IgM-like antibodies that 
interfere with specific reaction. Dubey and Desmonts (1987) slightly 
modified this test and added mercaptoethanol as the last step to minimize 
exposure of the operator to the foul smell of mercaptoethanol; they 
referred to it as the modified agglutination test (MAT). In the present 
study, sera samples were initially tested by the commercial test at the 
Department of Veterinary Sciences, University of Tras-os-Montes e Alto 
Douro, Vila Real, Portugal. Subsequently, 252 of the 256 seropositive 
samples were shipped by air to the Animal Parasitic Disease Laboratory 
(APDL), Beltsville, Maryland. At APDL, sera samples were diluted 2-fold 
at 1:20 to 1:160, and the test was performed as described by Dubey and 
Desmonts (1987). 
Prevalence values of T gondii antibodies were statistically compared 
using the chi-square test. Confidence limits for the proportions were 
established by exact binomial test with 95% confidence intervals (CI). 
Variables with a significant difference between groups (P value < 0.05) 
were selected for multiple logistic regression analysis to identify 
independent risk factors for seroprevalence, calculating odds ratios (OR) 
and their 95% CI (Altman, 1991). All the statistical analyses were done 
with SPSS 10.0 software for Windows (SPSS, Chicago, Illinois). 
RESULTS 
Antibodies to T. gondii were found in 256 (38.0%; 95% CI: 
34.4--41.8%) dogs. For statistical analysis, 2 age groups were 
established: 1 for juveniles (2-12 mo) and another for adults (13-
216 mo). Distribution of sampled animals by group within each of 
the independent categorical variables and values of seropreva-
lence are shown in Table I. Further statistical differences were 
found among dogs receiving only commercial food, eating home-
cooked meals (with or without additional commercial food), or 
given raw meat or viscera compared in pairs. Variables found to 
have a value of P < 0.05 in the chi-square test performed among 
groups were considered for multiple logistic regression analysis. 
Risk factors for T. gondii infection were age above 12 mo (OR = 
4.0; 95% CI: 2.3-6.8), chance of eating birds or small mammals 
(OR = 4.0; 95% CI: 2.4-6.6), housing exclusively outdoors (OR = 
1.5; 95% CI: 1.0-2.2), and diet including home-cooked food (OR 
= 3.0; 95% CI: 1.7-5.3) or raw meat and viscera (OR = 7.7; 95% 
CI: 3.7-16.1). Contact with other domestic animals was not 
identified as a risk factor. 
Of the 252 initially positive sera samples, 16 had a titer < 1:20, 
37 had a titer of 1 :20, 40 had 1 :40, 44 had 1 :80, and 115 had a titer 
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TABLE I. Seroprevalence of Toxoplasma gondii infection in dogs in Portugal. 
Dogs Relative 
tested distribution (%) 
Gender 
Female 182 27.0 
Male 491 73.0 
Breed 
Mixed 400 59.4 
Pure 273 40.6 
Age group 
Juvenile 118 17.5 
Adult 555 82.5 
Chance of eating birds or small mammals 
No 177 26.3 
Yes 496 76.7 
Housing 
Access to indoors 251 37.3 
Exclusively outdoors 422 62.7 
Contact with other domestic animals 
No 131 19.5 
Yes 542 80.5 
Diet 
Only commercial food 129 19.2 
Home-cooked meals with or 
without commercial food 472 70.1 
Raw meat or viscera included 72 10.7 
Hunting activity 
No 552 82.0 
Yes 121 18.0 
Total 673 100.0 
• Number in bold indicate statistically significant difference. 
of 1:160 or higher. Thus, 45.6% of the 252 positive sera samples 
had a high titer. 
DISCUSSION 
The results of our study indicate a wide degree of exposure of 
dogs to T. gondii infection in northeastern Portugal. We had 
previously found a 35.8% seropreva1ence in domestic cats from 
the same geographical area, using the same serological test (Lopes 
et aI., 2008). Both these observations support the idea of a 
considerable frequency of sporulated oocysts and T. gondii-
infected intermediate hosts in the local environment. A higher 
percentage of infection in older dogs than juveniles strongly 
suggests the occurrence of postnatal rather than placental 
transmission of T. gondii in the canine population. 
In the present study, MAT was used to test the dogs for 
antibodies to T. gondii. Among all the serological tests available, 
MAT is considered to be the most reliable to detect antibodies to 
T. gondii in animals, especially in latently infected animals 
(Dubey, 2009). The MAT was validated in naturally exposed 
pigs using isolation of the viable parasite as the standard (Dubey 
et aI., 1995). To our knowledge, such data on validation are not 
available for any other hosts of T. gondii. Although MAT is 
considered specific, its drawback is that it detects only IgG 
No. MAT Seroprevalence 95% 
positive (%)* CI 
76 41.8 34.5-49.3 
180 36.7 32.4-41.1 
141 35.2 30.6-40.1 
115 42.1 36.2-48.2 
19 16.1 10.0-24.0 
237 42.7 38.5-46.9 
25 14.1 9.3-20.1 
231 46.6 42.1-51.1 
68 27.1 21.7-33.0 
188 44.5 39.7-49.4 
37 28.2 20.7-36.8 
219 40.4 36.2-44.7 
19 14.7 9.1-22.0 
192 40.7 36.2-45.3 
45 62.5 50.3-73.6 
200 36.2 33.2-40.4 
56 46.3 37.2-55.6 
256 38.0 34.4-41.8 
antibodies, and thus it may not detect antibodies very early in 
infection. However, MAT can detect IgG antibodies as early as 
7 days postinoculation (Dubey and Beattie, 1988). Results of the 
present study confirm that the results obtained with the 
commercial test kit and the in-house MAT are similar. Of the 
252 sera samples found to be seropositive by the commercial test, 
236 (93.6%) were confirmed by the MAT. The 16 sera samples 
that were negative by MAT and positive by commercial test could 
have been due to threshold because interpretation of the test is 
subjective and based on agglutination pattern; in other words, the 
test is not an all or none phenomenon. 
The higher seroprevalence found in dogs housed exclusively 
outdoors might be explained by an increased ingestion of tissue 
cysts in other intermediate hosts or of oocysts from the 
environment. In fact, dogs living outdoors have the opportunity 
to hunt and eat small mammals or birds (Svoboda and 
Svobodova, 1987). The higher seroprevalence in dogs that had 
contact with other domestic animals, including cats, when 
compared to dogs without such contact, suggests a common 
source of infection. The major risk factor for T. gondii infection in 
dogs was the inclusion of raw meat or viscera in the diet. After 
multiple logistic regression analysis, contact with other domestic 
animals was not validated as a risk factor for canine infection. 
This fact suggests that environmental contamination is more 
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important for the acqUlslt10n of infection in dogs than contact 
with domestic animals (including cats). 
The higher prevalence of infection in dogs given raw meat or 
viscera, when compared with both the group receiving only 
commercial food and the other one eating home-cooked meals, is 
most likely related to the ingestion of viable T. gondii cysts in raw 
or undercooked infected meat (Aslantas et aI., 2005). Diet greatly 
influences infection levels, and even those dogs that spend almost 
all of their time indoors can have a marked contact with the 
parasite due to their feeding habits (Svoboda and Svobodova, 
1987). Parasitic tissue cysts are inactivated by heating meat to an 
internal temperature of 67 C or freezing it to less than -12 C 
(Dubey et aI., 1990; Kotula et a!., 1991). Consumption of dog 
meat by people in some countries may increase the risk of human 
infection with T. gondii, but eating dogs is not part of the 
European and Portuguese culture. 
Toxoplasma gondii infection in dogs is highly prevalent in 
northeastern Portugal and seems to reflect high transmission 
rates. Considering the quantitative risk factors identified in the 
present study, control measures must include feeding dogs with 
commercial diets or with food processed by cooking, or by 
freezing, or both. Not allowing animals to live or stay outdoors 
will prevent them from hunting small mammals and birds. Since 
dogs may also serve as mechanical spreaders of T. gondii oocysts, 
hand washing should be considered as a hygienic measure to help 
preventing infection of human beings (Frenkel et aI., 2003; 
Schares et a!., 2005). Apart from measures focused on the 
definitive feline host, control of toxoplasmic zoonotic infections 
can be based on a sanitary intervention over the intermediate 
hosts, which include dogs. 
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IDENTIFICATION OF SARCOCYSTIS CYMRUENSIS IN WILD RA TTUS FLAVIPECTUS AND 
RA TTUS NORVEGICUS FROM PEOPLES REPUBLIC OF CHINA AND ITS TRANSMISSION 
TO RATS AND CATS 
Jun-Jie Hu, Jie-Ying Liao, Yu Meng, Yan-Mei Guo, Xin-Wen Chen, and Yang-Xian Zuo 
Biology Department, Yunnan University, Kunming, Yunnan, People's Republic of China 650091. e-mail: jjhu@ynu.edu.cn 
ABSTRACT: Sarcocystis cymruensis was initially identified in skeletal muscles of 22 (11.6%) of 189 wild rats (Rattus spp.) captured in 
2008 in Anning and Kunming, Peoples Republic of China. Sarcocyst walls were thin «I Iilll) and smooth. Ultrastructurally, the 
parasitophorous vacuolar membrane had small, osmiophilic knob-like invaginations covered with numerous vesicle-like invaginations 
toward the interior of the cyst. Domestic cats (Felis catus) fed sarcocysts shed sporocysts measuring 10.3 (9.8-11.0) X 7.6 (7.2-9.5) Iilll 
with a prepatent period of 6 to 8 days. Sarcocysts were infective orally to Norway rats, and oocysts and sporocysts developed in the 
lamina propria of the small intestine of rats fed sarcocysts. Thus, rats were both intermediate and definitive hosts for S. cymruensis. 
Coccidia of the genus Sarcocystis are intracellular protozoan 
parasites with a diheteroxenous life cycle based on prey-predator 
(intermediate-definitive) host relationships; asexual stages occur 
in the intermediate host and sexual stages develop only in the 
carnivorous definitive host (Fayer, 2004). However, in some 
reptilian Sarcocystis spp., the life cycle is adapted to the 
cannibalistic mode of transmission, as both the sexual and the 
asexual development phases take place in different individuals of 
the same host species (Matuschka and Bannert, 1987, 1989; 
Bannert, 1992). Matuschka and Bannert (1989) proposed that 
these Sarcocystis species be called dihomoxenous. 
In addition to these reports, 2 Sarcocystis species (Sarcocystis 
rodentifelis and Sarcocystis muris) from rodents have been proven 
to possess both diheteroxenous and dihomoxenous life cycles and 
can be transmitted not only by oocysts-sporocysts of the known 
definitive hosts (cats) but also by eating muscles containing 
mature sarcocysts (Grikieniene et aI., 1993; Grikieniene and 
Kutkiene, 1998; Koudela et aI., 1999; Koudela and Modry, 2000). 
However, these results have been critically disputed (Odening, 
1998). 
Sarcocystis cymruensis frequently occurs in rodents in England, 
Thailand, and Egypt (Ashford, 1978; Jakel et aI., 1996, 1997). To 
maintain its life cycle, this organism parasitizes domestic cats 
(Felis catus) and rodents of the generas Rattus and Bandicota. In 
the present study, we describe the morphological and ultrastruc-
tural characteristics of S. cymruensis from rats from China and 
investigate the parasite's life cycle and transmission biology. The 
aim of the work was also to investigate the possibility of rats 
serving not only as an intermediate host for this parasite but as a 
definitive host as well. 
MATERIALS AND METHODS 
Sample collection 
Specimens of Rattus spp. were captured by live-trapping at Anning 
(24°59'N, 102°25'E) and Kunming (25°3'N, 102°41 'E) in the southwest 
mainland of China throughout 2008 and were transported to a laboratory 
within a few hours after capture. After killing the animals with ether, fresh 
preparations of esophagus, diaphragm, heart, tongue, and skeletal muscles 
(thigh, loin, rump, ribs) were immediately stored at 4 C until examined. 
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Light and transmission electron microscopic examination 
The sarcocysts found in naturally, or experimentally, infected rats were 
extracted from muscular fibers using a dissecting microscope for fresh-
state examination and processed for light and transmission electron 
microscopy (TEM). For TEM, the sarcocysts were fixed in 2.5% 
glutaraldehyde in cacodylate buffer (0.1 M, pH 7.4) at 4 C and postfixed 
in I % osmium tetroxide in the same buffer, dehydrated in graded alcohols, 
and embedded in epon-araldite mixture. Ultrathin sections were stained 
with uranyl acetate and lead citrate and then examined using a JEMIOO-
CX transmission electron microscopy at 80 kV. 
Experimental animals 
Eight, 1- to 2-mo-old domestic cats were housed separately in steel cages 
and fed cat pellets and water ad libitum. Before infection, cat feces were 
examined for 10 successive days using centrifugal flotation and saturated 
salt solution (density 1.20) to confirm that they were coccidian free. 
KM (Kunming) mice (Mus musculus, n = 20) and SD (Sprague Dawley) 
rats (Rattus norvegicus, n = 60) obtained from the Experimental Animal 
Center-Kunming Medical University, Kunming, China were housed in 
groups of 2 animals per plastic cage and were provided rodent chow and 
water ad libitum. 
Design of animal experiments 
Experiment i-Verification of the infectivity of S. cymruensis cystozoites 
for cats: The experiment was carried out using 8 domestic cats. Pooled S. 
cymruensis sarcocysts from wild Norway rats were fed to 4 cats, and 4 cats 
were kept as controls. Feces of all cats were tested daily with a ZnCIz-
NaCI-flotation method to determine the presence of oocysts--sporocysts. 
The cats were killed 20 days later. The small intestine of each cat was 
removed and the mucosa sample from the small intestine, approximately 
2.5 em length in each portion, was investigated for the presence of oocysts 
or sporocysts. 
Experiment 2-Test of the infectivity of S. cymruensis oocysts and 
sporocysts isolated from the experimentally infected cats: The experiment 
was carried out using SD rats and KM mice. Twenty SD rats were divided 
into 2 groups. One group of 10 was infected with sporocysts or oocysts 
collected from the experimentally infected cats. Another group of 10 rats 
served as controls. Twenty KM mice were also divided into 2 groups. One 
group of 10 mice was infected with sporocysts or oocysts collected from 
the experimentally infected cats. Another group of 10 mice was used as 
controls. All rats and mice were killed at 50 days postinfection (PI) and 
their tissues were examined using light microscopy. 
Experiment 3-Test to determine if S. cymruensis cystozoites are infective 
for the intermediate hosts: The experiment was carried out with 20 SD rats, 
10 as experimental subject and 10 as controls. Each of the experimental 
SD rats was intubated perorally with approximately 300 S. cymruensis 
cysts obtained from the SD rats that were infected in experiment 2. SD rats 
were euthanized at 20 days and 50 days PI. Feces of all SD rats were 
examined daily, from 1 to 50 days PI, for sporocyst shedding. Segments of 
the small intestine and skeletal musculature were pressed between glass 
slides and checked visually for sarcocysts using light microscopy. 
Experiment 4-Test of the infectivity of S. cymruensis oocysts and 
sporocysts isolated from the small intestines of SD rats: The experiment was 
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FIGURE I. Stages of Sarcocystis cymruensis. (A) Sarcocysts in the skeletal muscle of naturally infected Rattus norvegicus (unstained). Note smooth 
cyst wall (arrow). (B) Sarcocysts in the skeletal muscle of SD rat, 50 days after being fed oocysts and sporocysts collected from SD rats (unstained). Note 
smooth cyst wall (arrow) and bradyzoites (Br) released from sarcocysts. (C) Transmission electron micrograph of cyst wall of a sarcocyst from naturally 
infected Rattus jlavipectus. Note knob-like protrusions (arrow), bradyzoites (Br), ground substance (Gs), and host cell (Hc). (D) Transmission electron 
micrograph of the cyst wall of a sarcocyst of SD rat 50 days after being fed oocysts and sporocysts collected from SD rats. Note knob-like protrusions 
(arrow), bradyzoites (Br), ground substance (Gs), and host cell (Hc). (E) Oocysts from the small intestine of a cat 20 days after being fed naturally 
infected Rattus norvegicus muscles (unstained). (F) Oocysts from the small intestine of a SD rat 20 days after being fed experimentally infected SD rat 
muscles (unstained). 
carried out using 20 SD rats. Ten of these animals had been fed with pieces 
of small intestines from SD rats that were previously intubated perorally 
with S. cymruensis cysts and 10 were uninfected controls. The SD rats were 
killed 2 mo after they had been fed the small intestines. Muscle tissues 
from exposed rats were also visually examined as described previously. 
RESULTS 
Light and electron microscope observations 
Of 189 wild rats, 22 (11.6%) were found to be natural 
intermediate hosts of S. cymruensis. Intramuscular cysts (Fig. IA) 
were found in 18 (14.4%) of the 125 Norway rats (R. norvegicus) 
and in 4 (6.0%) of the 64 buff-breasted rats (Rattus jlavipectus). 
Sarcocysts that developed in wild rats and in laboratory SD rats 
were localized in skeletal muscle throughout the body including 
the tongue, esophagus, and diaphragm, but not in the heart. 
Using ordinary light microscopy, fresh samples revealed a smooth 
cyst wall measuring <1 ~m in diameter (Fig. IA). The cysts 
ranged in size from 1,050-3,450 ~m in length by 75-125 ~m in 
width. The cysts were divided by septa into a series of internal 
compartments that were filled with cystozoites measuring from 
11.0-13.5 ~m in length by 3.0-5.0 ~m in width (Fig. IB). 
Ultrastructural studies on the smooth-walled cysts from the 
different host species showed that their primary cyst contained 
numerous, small, osmiophilic knob-like protrusions extending 
outwards from the cyst surface. The protrusions were covered 
with numerous vesicle-like invaginations toward the interior of 
the cyst (Fig. Ie, D). A band of ground substance, measuring 
0.7-1.1 ~m in thickness, was located immediately beneath the cyst 
wall, and septa radiated inwardly, dividing the cyst interior into 
compartments. The compartments were filled with numerous 
mature cystozoites and several undifferentiated metrocytes. The 
cysts walls of S. cymruensis from the wild rats and the SD rats 
were morphologically similar. 
Experimental infection 
Experiment 1: All 4 cats that were fed with muscle containing S. 
cymruensis cysts from wild Norway rats excreted oocysts and 
sporocysts after a prepatent period of 6-8 days. The cats, which 
were killed to isolate the oocysts and sporocysts, revealed almost 
regularly distributed infections, especially in the apical villous 
region of the small intestine. Sporulated oocysts measured 12.5-
15.0 X 9.5-11.5 ~m, mean of 13.1 X 10.2 ~m (n = 30), with 2 
elliptical sporocysts that measured 9.8-11.0 X 7.2-9.5 ~m with a 
mean of 10.3 X 7.6 ~m (n = 30) (Fig. IE); each sporocyst 
contained 4 sporozoites. No oocysts and sporocysts were found in 
control cats. 
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Experiment 2: All SD rats were successfully infected with 
oocysts and sporocysts from the intestine of 4 cats that had been 
fed on muscle containing S. cymruensis cysts of wild Norway rats. 
Sarcocysts were found in the skeletal muscle but not in the heart. 
No sarcocysts were found in KM mice or control rats. 
Experiment 3: Oocysts and sporocysts were detected in walls of 
the small intestine of SD rats that had been fed on S. cymruensis 
cysts from SD rats infected experimentally on days 20 and 50 
(Fig. 1 F). The oocysts and sporocysts were distributed focally in 
all examined parts of the small intestine but not in the large 
intestine. No oocysts and sporocysts were found in the feces of 
any SD rats examined. Sarcocysts were not found in the skeletal 
muscles of the SD rats. 
Experiment 4: Oocysts and sporocysts isolated from the small 
intestinal tissue of SD rats were infective for other SD rats. Mature 
sarcocysts containing cystozoites and peripherally arranged 
metrocytes were also found in the skeletal muscles of these SD rats. 
DISCUSSION 
Sarcocystis cymruensis was originally described from Norway 
rats in England and then successfully transmitted to domestic cats 
and vice versa (Ashford, 1978). Later, S. cymruensis was reported 
from a Norway and a roof rat (Rattus rattus) in Egypt (Jakel et 
aI., 1996). Jakel et al. (1997) first identified this parasite in the 
muscles of Norway and Indian mole rats (Bandicota indica) in 
Thailand. Here, we report for the first time S. cymruensis from 
rats in China. According to our results, Norway and buff-
breasted rats are the intermediate hosts for S. cymruensis. 
Together, these findings suggest that the species has a cosmopol-
itan distribution. 
According to the ultrastructure of their cyst wall, S. cymruensis 
sarcocysts belong to wall type-l of the classification by Dubey et 
al. (1989), i.e., " ... the sarcocysts have a primary wall with 
minute undulations." This wall type also applies to S. muris 
(Blanchard, 1885) Labbe, 1899, present in house mice throughout 
the world. Ultrastructurally, sarcocysts from Chinese rats are 
indistinguishable from those collected in Thailand. Moreover, S. 
cymruensis can be easily recognized at the light microscope level 
by its considerable size and smooth walls. 
When muscle tissues containing S. cymruensis cysts of wild 
Norway rats were fed to cats, sporulated oocysts and sporocysts 
appeared in feces beginning 6-8 days PI. Experimental infections of 
laboratory SD rats and KM mice with sporocysts collected from the 
feline small intestine confirmed that this parasite is transmissible to 
SD rats but not to KM mice. The results indicate that the cat can 
serve as a definitive host of S. cymruensis and that the intermediate 
hosts of S. cymruensis include Rattus spp. but not M. musculus. 
Data from the present study clearly established that laboratory 
SD rats may acquire S. cymruensis by eating not only oocysts-
sporocysts from the known definitive host, i.e., the cat, but also 
the muscular tissue of other rats infected with mature sarcocysts. 
Accordingly, due to cannibalism, rats can serve as an intermediate 
and a definitive host in the life cycle of this parasite. The second 
important ecological factor influencing the successful spread of S. 
cymruensis can be coprophagia, which is also very common 
among Norway rats (Kenagr and Hoyt, 1980). 
Only 2 Sarcocystis species (s. rodentifelis and S. muris) that 
infect rodents possess both diheteroxenous and dihomoxenous life 
cycles and can be transmitted by the cannibalism among rodents. 
Sarcocystis rodentifelis was first described from the Norway rat 
and bank vole (Clethrionomys glareolus) in eastern Europe by 
Grikieniene et al. (1993). The S. rodentifelis life cycle includes the 
Norway rat as an intermediate host and the cat as a definitive 
host. Mature sarcocysts are macroscopic and can be seen with the 
naked eye; they possess a smooth and thin wall « 1 /lm) 
(Grikieniene et aI., 1993). In their research on the life cycle and 
transmission of S. rodentifelis, Grikieniene et al. (1993) also 
concluded that the Wi star laboratory rat (R. norvegicus) serves 
both as an intermediate and a definitive host for this species 
(Grikieniene and Kutkiene, 1998; Kutkiene and Grikieniene, 
2003). A similar life cycle was described for S. muris in 
immunodeficient (SCID) and immunocompetent (ICR) mice 
(Koudela et aI., 1999; Koudela and Modry, 2000). 
Sarcocysts of S. muris, S. rodentifelis, and S. cymruensis were all 
clearly macroscopic and their cysts were bound by thin smooth 
walls. Ultrastructural studies on both S. muris and S. cymruensis 
cysts revealed that the structure of the sarcocyst wall is similar and 
belongs to type 1. These structures are lacking for S. rodentifelis. 
For all 3 of these species, cats were determined to be the definitive 
hosts. However, an alternative development occurs when the cat is 
eliminated from the life cycle; its role is replaced by the 
development of cystozoites into gamonts and oocysts-sporocysts 
within the intestine of the rodents, an alternative definitive host. 
Cross-transmission experiment results indicate S. muris and S. 
cymruensis are distinct species that are not transmissible between 
species of Rattus and Mus (Ruiz and Frenkel, 1976; Ashford, 1978). 
Both S. cymruensis and S. rodentifelis occur in the skeletal muscles 
of Norway rats (intermediate hosts). Therefore, we suggest that S. 
rodentifelis is probably a synonym of S. cymruensis. Sebek (1975) 
reported S. muris from Norway rats in Europe and this, too, was 
probably a misidentification. 
In our experiments, despite the detection of oocysts and 
sporocysts in intestinal tissues of SD rats, neither oocysts nor 
sporocysts were detected in the feces of rats fed with muscles of rats 
infected with S. cymruensis cysts. Attempts to find oocysts or 
sporocysts in mouse feces were also unsuccessful (Koudela et aI., 
1999; Koudela and Modry, 2000). However, Kutkiene and 
Grikieniene (2003) detected several sporocysts and 1 oocyst in the 
feces of rats previously fed with S. rodentifelis cysts. The low 
number of sporocysts detected was most likely due to the irregular 
shedding of this stage and to the low potential of the detection 
technique used. 
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PREVALENCE TO TOXOPLASMA GONDII AND SARCOCYSTIS SPP. IN A REINTRODUCED 
FISHER (MARTES PENNANT/) POPULATION IN PENNSYLVANIA 
Jeffery L. Larkin, Mourad Gabriel', Richard W. Gerholdt, Michael J. Yabsley:j:, Jennifer Christine Wester, 
Jan G. Humphreys, Robert Beckstead§, and J. P. Dubeyll 
Department of Biology, Indiana University of Pennsylvania, 975 Oakland Ave., Indiana, Pennsylvania 15705. e-mail: larkin@iup.edu 
ABSTRACT: Understanding the role of disease in population regulation is important to the conservation of wildlife. We evaluated the 
prevalence of Toxoplasma gondii exposure and Sarcocystis spp. infection in 46 road-killed and accidentally trapper-killed fisher 
(Martes pennantl) carcasses collected and stored at -20 C by the Pennsylvania Game Commission from February 2002 to October 
2008. Blood samples were assayed for T. gondii antibodies using the modified agglutination test (MAT, 1:25) and an indirect 
immunofluorescent antibody test (IFAT, 1:128). For genetic analysis, DNA samples were extracted from thoracic and pelvic limb 
skeletal muscle from each carcass to test for Sarcocystis spp. using 18s-rRNA PCR primers. Antibodies to T. gondii were found in 
100% (38 of 38) of the fishers tested by MAT and in 71 % (32 of 45) of the fishers tested by IFAT. PCR analysis revealed that 83% (38 
of 46) of the fishers were positive for Sarcocystis spp. Sequence analysis of 7 randomly chosen amplicons revealed the fisher sarcocysts 
had a 98.3% to 99.1 % identity to several avian Sarcocystis spp. sequences in GenBank. Data from our study suggest that a high 
percentage of fishers in Pennsylvania have been exposed to T. gondii and are infected with Sarcocystis spp. 
The fisher (Martes pennant!) once inhabited forested regions 
throughout Pennsylvania (Genoways and Brenner, 1985). The 
species was extirpated from the state by the early 1900s due to 
wide-scale deforestation and over-harvesting (Serfass and Dzia-
lak, 2010). The regeneration of over 6.5 million ha of forest 
habitat in Pennsylvania, combined with public interest, provided 
the impetus to reestablish a fisher population in the state. During 
1994-1998, 190 fishers were translocated from New York and 
New Hampshire and released at several sites across northern 
Pennsylvania (Serfass and Dzialak, 2010). Additionally, a fisher 
population reintroduced to West Virginia in 1969 has expanded 
into southwestern and south-central Pennsylvania (Ellington, 
2010). The fisher is currently designated as a vulnerable species in 
Pennsylvania and is considered sensitive in U.S. Fish and Wildlife 
Service Region 5 (Dzialak and Serfass, 2009). 
Understanding the role of disease in population regulation is 
important to the conservation of wildlife (Klyza, 2001). Moni-
toring the role that various diseases play in wildlife reintroduc-
tions is imperative for effectively evaluating disease-associated 
risks to both reintroduced and resident wildlife (Viggers et aI., 
1993; Mathews et aI., 2006). Furthermore, post-release evaluation 
of wildlife-disease relations can provide insights to factors that 
may limit reintroduction success (Larkin et aI., 2003). The low 
population density typical of fishers may reduce the susceptibility 
of this species to many host-specific, density-dependent diseases 
(Wobesor, 2007), but their opportunistic feeding habits could 
increase the probability of exposure to generalist pathogens or 
parasites, or even to infected sympatric species (Kelly, 1977; 
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Munson and Karesh, 2002; McAllister, 2005). Even those diseases 
that do not cause massive mortality events can significantly affect 
a population's fitness due to co-occurring stressors such as habitat 
fragmentation, encroachment of human development, and any 
number of human-generated disturbances (Deem et aI., 2001), 
conditions that persist throughout Pennsylvania (Brittingham and 
Goodrich, 2010). 
Toxoplasma gondii and Sarcocystis spp. are obligate intracel-
lular protozoans with life cycles that incorporate many stages, i.e., 
schizonts, meronts, and sarcocysts, within intermediate or 
defmitive hosts (Dubey, Lindsay et aI., 2001). Felids are definitive 
hosts for T. gondii and carnivore-scavenger species are definitive 
hosts for Sarcocystis spp. We evaluated the prevalence of T. 
gondii and Sarcocystis spp. Both of these parasites have been 
associated with clinical disease in wild furbearers (Dubey and Lin, 
1994; Gerhold et aI., 2005), and a thorough review of T. gondii 
and Sarcocystis spp. in wildlife has been published. (Dubey and 
Odening, 2001). However, the epizootiology of these parasites on 
fisher popUlations is not fully understood. The seroprevalence of 
these parasites within fisher populations throughout their range 
has varied. Forty-five of 77 (58%) fishers from the Hoopa Valley 
Indian Reservation in California were seropositive for T. gondii, 
with a greater proportion offemales exposed (69%) compared to 
males (29%); however, no differences in exposure were found 
among age classes (M. Gabriel, pers. comm.). Other records of T. 
gondii infections in fishers include 18% of 28 individuals tested in 
British Columbia (Philippa et aI., 2004), 41 % of 379 individuals 
tested in Ontario (Tizard et aI., 1978), and 100% of 2 fishers in 
captivity (Sedlak and Bartova, 2006). 
Little is known of Sarcocystis spp. infections in fishers. Clinical 
meningoencephalitis associated with Sarcocystis neurona schiz-
onts was reported in a free-ranging fisher from Maryland 
(Gerhold et aI., 2005). In addition, the fisher had numerous 
muscle sarcocysts. Although the authors were unable to amplify 
S. neurona DNA from the described muscle sarcocysts at the time 
of the report, subsequent PCR and sequence analysis attempts 
from the muscle tissue revealed a 99% identity to S. neurona when 
compared to GenBank accession U07812 (shown in Fig. 1 as 
UGA internal accession #151-02 Martes pennanti muscle sarco-
cysts). Herein, we report on the seroprevalence of T. gondii and 
Sarcocystis spp. infections among free-ranging fishers reintro-
duced to Pennsylvania. 
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MATERIALS AND METHODS 
Naturally infected fishers 
We obtained 46 road-killed and accidentally trapper-killed fisher 
carcasses that were collected and stored at -20 C by the Pennsylvania 
Game Commission from February 2002 to October 200S. With few 
exceptions, each carcass had an accompanying mortality report that 
included the date and location of kill, suspected cause of mortality, the 
name of the collector and, when available, other demographic details 
regarding the individual animal. From each fisher carcass, an SO-cm3 
sample of quadriceps muscle, a 60-cm3 sample of forearm muscle, 2 blood 
samples on Nobuto test strips (Toyo Roshi Kaisha, Ltd., distributed by 
Advantec MFS, Inc., Dublin, California), and approximately 1-2 ml of 
clotted blood from the right ventricle were collected. 
Pathogen testing 
Toxoplasma gondii: For determining the presence of T. gondii 
antibodies, the 2 Nobuto blood-collecting strips were sent to the Animal 
Parasitic Diseases Laboratory, United States Department of Agriculture, 
Beltsville, Maryland for analysis. Samples were assayed using the modified 
agglutination test (MAT) as described by Dubey and Desmonts (19S7). 
The MAT is considered a highly sensitive and specific test (Dubey, 2009). 
Fisher serum samples were diluted with the serum-diluting buffer in 2-fold 
dilutions from 1:25 to 1:3200. Serum from an experimentally infected pig 
was used as a positive control in each plate. Samples with a titer 2: 1 :25 
were considered positive. 
Testing for antibodies toward T. gondii was also conducted at the 
University of California, Davis, California using an indirect immunofluo-
rescent antibody test (IFAT) with commercially available slides (VMRD, 
Pullman, Washington) using cardiac blood samples. The IFAT protocol 
was slightly modified from previously described methods on a related 
mustelid, i.e., a sea otter (Enhydra lutris) (Miller et ai., 2002). Samples were 
diluted in 1 X phosphate-buffered saline solution (PBS) by doubling the 
dilutions, starting at 1:64 to I :2,04S. Each well had 25 ~ of representative 
diluted sample and the slide was incubated at 37 C for 30 min. After first 
incubation, slides were washed 3 times in PBS. A 1:100 dilution of 
fluorescein isothiocynate (FITC)-conjugated goat anti-ferret IgG (Bethyl 
Laboratories, Montgomery, Texas) was added to each well and slides were 
incubated at 37 C for 30 min. Slides were washed 3 more times in PBS and 
mounted with buffered glycerol. Final titers were noted when the complete 
tachyzoite outline fluorescence was last seen with no apical or peripheral 
fluorescence. Positive and negative controls from VMRD were used on each 
slide to demonstrate fluorescence. Positive IFAT cutoffs for T. gondii have 
not been determined for fishers experimentally, but a report of T. gondii 
exposure in fishers detected IFAT titers of 1:320 to 1:640 (Sedlak and 
Bartova, 2006). We report positive cut-off values of 1:12S and 1:256 as 
liberal and conservative seroprevalence estimates, respectively. 
Sarcocystis ssp.: Quadriceps and forearm muscle samples were sent to 
the University of Georgia Southeastern Cooperative Wildlife Disease 
Study, Athens, Georgia for Sarcocystis spp. testing. DNA samples were 
extracted from 0.5 g each of thoracic limb and pelvic limb skeletal muscle 
using a DNeasy Blood and Tissue Maxi Kit (Qiagen, Valencia, California) 
as per the manufacturer's instructions. DNA amplification of the 
Sarcocystis spp. ISS small subunit rRNA regions was performed using 
primers ISS9L (5'-GGATAACCTGGTAATICTATG-3') and ISSlH 
(5'-GGCAAATGCTTTCGCAGTAG-3') (Li et aI., 2002). PCR compo-
nents included 5 III of DNA in a 25-111 reaction containing 10 mM Tris-CI 
(pH 9.0), 50 mM KCI, 0.01% Triton X-I00, 2.5 mM MgCh, 0.1 mM of 
each dNTP (Promega, Madison, Wisconsin), 1.25 U Taq DNA 
polymerase (Promega), and O.SIlM of primers ISS9L and ISSIH. Cycling 
parameters for the amplification were 97 C for 3 min followed by 40 cycles 
of 94 C for 40 sec, 56 C for 1 min, and 72 C for 1 min 20 sec and a final 
extension at 72 C for 5 min. For all DNA extractions, a negative water 
control was included to detect contamination in all PCR reactions. PCR 
amplicons were separated by gel electrophoreses using a 1 % agarose gel, 
stained with ethidium bromide, and visualized with UV light. An 
approximate 900-bp amplicon was excised and the DNA purified using 
a QIAquick® Gel Extraction kit (Qiagen) per the manufacturer's 
instructions. Seven randomly chosen extracted DNA samples were 
sequenced using primers ISS9L and ISSIH at the Integrated Biotechnol-
ogy Laboratories at the University of Georgia using an Applied 
Biosystems Inc. (Foster City, California) 3100 Genetic Analyzer. 
Sequences obtained from this study and from other Sarcocystis spp. 
stored in GenBank were aligned using the multisequence alignment 
Clustal X program (Thompson et ai., 1997). Phylogenetic analyses were 
conducted using the MEGA (Molecular Evolutionary Genetics Analysis) 
version 4.0 program (Tamura et aI., 2007), utilizing the neighbor-joining 
and minimum evolution algorithms using the Kimura 2-parameter model, 
and maximum parsimony using a heuristic search. Additionally, 6 
randomly chosen muscle samples were fixed in 10% buffered formalin, 
embedded in paraffin, sectioned at 311m, and stained with hematoxylin 
and eosin (H&E) for light microscopy to examine the morphological 
features of the Sarcocystis sp. muscle cysts. 
RESULTS 
Thirty-nine mortalities were attributed to vehicular accidents; 4 
were accidentally killed by trappers, and the cause of death for 3 fishers 
was undetermined due to incomplete mortality reports (Table I). 
Toxoplasma gondii antibodies were found in 100% (38 of 38) of 
the fishers tested by MAT (Table I). Samples S59-S66 had 
inadequate blood on the Nobuto test strips; thus, the results from 
these samples were not considered reliable. By IF AT, 71 % (32 of 45) 
of the fishers were positive at 1:128 and 40% (18 of 45) were positive 
at 1:256 (Table I). Collectively, 71% of samples were positive by 
both tests. Furthermore, many serological samples had high titers 
(~512), which may suggest a recent infection with T. gondii. 
Unfortunately, we were unable to verify serological results by 
bioassay because the carcasses had been frozen long-term, resulting 
in the death of T. gondii (Dubey, 2009). 
Using 18S PCR, Sarcocystis spp. DNA was found in 83% (38 of 
46) of samples (Table I, Fig. 2). Of the positive samples, 32% (12 of 
38) were positive from DNA extracted from thoracic limb muscle 
only, 21 % (8 of 38) were positive from DNA extracted from pelvic 
limb muscle only, and 47% (18 of 38) were positive from DNA 
extracted from both pelvic and thoracic limb muscle. Nucleotide 
sequencing revealed a 99.4% identity shared by 3 unique sequences 
found among the 7 sequenced amplicons in this study. The 
GenBank accession numbers for the 3 unique sequence groups are 
listed in Table I. The muscle Sarcocystis spp. sequences had from 
98.3 to 99.1 % identity to a Sarcocystis sp. obtained from several 
avian species including a greater white-fronted goose (Anser 
albi/rons) (EU502869), Eurasian sparrowhawk (Accipiter nisus) 
(GU2538884), and rock pigeon (Columba livia) (GQ245670). None 
of the sequences were S. neurona. Phylogenetic analysis of the 
aligned sequences in this study, and other closely related sequences 
with Neospora caninum (NCUI7346) as an outgroup, resulted in an 
alignment 721 bp in length of which 659 were invariant, 22 variable 
characters were parsimony uninformative, and 40 were parsimony 
informative. The analysis revealed that the fisher sequences 
belonged to a separate clade that had robust neighbor-joining 
(100%), minimum evolution (100%), and maximum parsimony 
(99%) separation from other Sarcocystis spp. (Fig. 1). 
Microscopic examination of skeletal muscle sections from PCR-
positive samples revealed 0-2 sarcocysts per x 10 field from each 
examined sample. Measured sarcocyst walls from 10 sarcocysts, 
from each of 3 fishers with minimal to moderate tissue autolysis, 
had 1.61lffi-Iong (range 1-2.5 11m, n = 30) villar protrusions (Fig. 2). 
DISCUSSION 
Translocations can help restore animals to their native range 
and can ultimately aid in preventing extinction; however, when 
doing so, it is important to be proactive about potential disease 
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TABLE 1. Background information and antibody testing results for 46 fishers collected in Pennsylvania from 2002-2008 (NA = not available; NT = 
not tested). 
Animal 
ID 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SlO 
Sl1 
SI2 
S13 
SI4 
SI5 
SI6a 
SI6b 
SI7 
SI8 
SI9 
S48 
S50 
S51 
S52 
S53 
S54 
S55 
S56 
S57 
S58 
S59 
S60 
S61 
S62 
S63 
S64 
S65 
S66 
S68 
S69 
S70 
S71 
S72 
S73 
S74 
S75 
Total 
positives 
Sex 
M 
M 
M 
F 
M 
M 
M 
M 
F 
F 
M 
M 
F 
M 
F 
M 
M 
M 
M 
F 
F 
M 
M 
F 
F 
F 
F 
M 
F 
M 
M 
F 
F 
F 
F 
F 
F 
M 
M 
M 
F 
M 
M 
M 
F 
F 
Age 
2 
I 
o 
I 
8 
o 
NT 
2 
2 
o 
3 
o 
1 
o 
2 
o 
I 
o 
o 
2 
2 
5 
1 
4 
1 
7 
o 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Cause of 
mortality 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Unknown 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Trapper-killed 
Trapper-killed 
Roadkill 
Roadkill 
Roadkill 
Roadkill 
Trapper-killed 
Roadkill 
Roadkill 
Roadkill 
Unknown 
Roadkill 
Trapper-killed 
Unknown 
Roadkill 
Date 
(mo, date, yr) 
211112006 
3/812005 
2/27/2006 
9/2312004 
2115/2002 
9114/2005 
Unknown 
8128/2002 
7/1212006 
6/5/2006 
9/19/2006 
113012006 
1120/2006 
Unknown 
3/1012006 
Unknown 
Unknown 
12118/2002 
5/13/2005 
03/2004 
05/07/2007 
3/4/2006 
3/112007 
2006-2007 
2006-2007 
06/2007 
2006-2007 
3/1112007 
10/30/2006 
31712006 
10/23/2007 
1122/2008 
12/14/2007 
2/2112008 
2/2112008 
3/17/2008 
7/11/2007 
1114/2008 
8/3112008 
2/1512006 
9/22/2006 
5/16/2008 
1111712006 
1118/2008 
Unknown 
10126/2008 
County of 
origin 
Blair Co. 
Miffiin Co. 
Lycoming Co. 
Unknown 
Lycoming Co. 
Bradford Co. 
Somerset Co. 
Somerset Co. 
Cambria Co. 
Venago Co. 
Warren Co. 
Clarion Co. 
Clarion Co. 
Clarion Co. 
Jefferson Co. 
S.W. PA 
Unknown 
Westmoreland Co. 
Fayette Co. 
Cambria Co. 
Cambria Co. 
Forest Co. 
Centre Co. 
Somerset Co. 
Fayette Co. 
Cambria Co. 
Cambria Co. 
Forest Co. 
Warren Co. 
Jefferson Co. 
Jefferson Co. 
Somerset Co. 
Somerset Co. 
Clarion Co. 
Clarion Co. 
Clarion Co. 
Venago Co. 
Mercer Co. 
Union Co. 
Tioga Co. 
Elk Co. 
Bedford Co. 
Luzerne Co. 
Columbia Co. 
Unknown 
Centre Co. 
Toxoplasma 
gondii serology 
(IFAT) 
1:512 
1:128 
1:64 
1:128 
1:128 
1:128 
1:512 
1:256 
1:128 
1:256 
1:256 
1:256 
1:128 
1:256 
1:512 
1:512 
1:128 
1:128 
1:128 
1:64 
1:64 
1:256 
1:256 
1:512 
1:64 
1:128 
1:64 
1:128 
>1:64 
>1:64 
>1:64 
1:256 
1:128 
1:256 
1:256 
>1:64 
1:256 
1:256 
NT 
1:256 
I: 128 
1:128 
>1:64 
>1:64 
>1:64 
>1:64 
2:1:128 
(71 %:32 of 45) 
2:1:256 
(40%:18 of 45) 
T gondii 
serology 
(MAT) 
1:400 
1:50 
1:50 
1:25 
1:400 
1:800 
1:200 
1:200 
1:25 
1:100 
1:100 
1:400 
1:50 
1:200 
1:>3,200 
1:400 
1:>3,200 
1:400 
1:200 
1:100 
1:200 
1:200 
1:200 
1:800 
1:50 
1:50 
1:200 
1:100 
1:50 
1:50 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
1:50 
I 50 
1:25 
1:400 
1:50 
1:25 
1:25 
1:25 
2: 1:25 
(100%: 38/38) 
Sarcocystis 
PCR 
POS 
POS 
POS 
POS 
POS 
NEG 
POS 
POS 
POS 
POS 
POS 
POS 
POS 
POS* 
POS 
NEG 
POSt 
POS* 
POS* 
POS 
POS 
POS 
POS 
POS* 
POS 
POS 
POSj. 
NEG 
POS 
POS* 
POS 
POS 
POS 
POS 
POS 
NEG 
NEG 
POS 
POS 
NEG 
POS 
POS 
NEG 
NEG 
POS 
POS 
(82.6%:38/46) 
* Sequence group A and (=) Genbank no. SI4 = HQ709139; S17 = HQ709141; SI8 = HQ709142; S52 = HQ709137; and S58 = HQ709138. 
t Sequence group Band (=) Genbank no. SI6b = HQ709140. 
t Sequence group C and (=) Genbank no. S55 = HQ709143. 
risks (Gaydos and Gilardi, 2004; Mathews et a!., 2006). This 
includes monitoring reintroduced populations for diseases and 
understanding how various diseases could negatively impact a 
reintroduction effort. 
Data from the present study suggest that a high percentage of 
Pennsylvania fishers have been exposed to both T. gondii and 
Sarcocystis spp. The high prevalence of T. gondii in Pennsylvania 
fisher is not surprising given that these are terrestrial predators, 
428 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.3, JUNE 2011 
100/100/99 
85189/80 
Sarcocystis sp. from Columba !ivla (GQ245670) 
Frenke/ia microt; (AF009244) 
Sarcocystis sp. from Anser afbifrons (EU502869) 
Sarcocystis canis (OQ146148) 
15'·02 Manes pennant; muscle sarcocysts 
SarcocystiS neurona (SNU07812) 
,-- --- Martes pennant; muscle saroocysts Group B 
Manes pennant; muscle sarcocysts Group A 
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FIGURE I. Phylogenetic analysis of Sarcocystis spp. isolates from this 
study and other Ampicomplexa based on sequence alignment of 
overlapping 721 bp 18S rRNA gene. The tree was constructed using a 
minimum evolution algorithm with 500 replications in a Kimura 2-
parameter model with Neospora caninum as an outgroup. Unique 
sequences from Sarcocystis spp. sequences obtained in this study are 
designated by letters; see Table I for individual fisher sequences belonging 
to each sequence group. Bootstrap values for neighbor-joining/minimum 
evolution/maximum parsimony values are shown at the nodes. Asterisks 
indicate nodes with bootstrap values below 50%. 
and past studies found T gondii prevalence rates of 10% to 60% 
in several prey residing in the state, prey that have been detected 
in Pennsylvania fisher stomachs as well as in other community 
carnivores (Dubey et a!., 1995; Humphreys et a!., 1995; Stewart et 
a!., 1995; De Thoisy et a!. , 2003; Mucker et a!., 2006; Wester, 
2009). Toxoplasmosis in carnivores is typically subclinical but can 
develop disseminated disease leading to morbidity or mortality 
when concurrently infected by an immunosuppressive agent such 
as canine distemper virus (Diters and Nielsen, 1978; Van Moll et 
a!., 1995; Dubey and Odening, 2001). It should also be noted that, 
while the seroprevalence for T gondii in fishers was high in our 
study, infection was not confirmed histologically or by molecular 
techniques. Future research should incorporate methods that 
provide seroprevalence values and infection data of T gondii for a 
better understanding of the epidemiology and ecological role this 
parasite plays within this host species natural history. 
The identification of muscle cysts indicates that fishers are an 
intermediate host for the Sarcocystis spp. The definitive host(s) 
for these Sarcocystis spp. are likely predatory or scavenging 
vertebrates. Further research, including molecular surveys of 
sporocyst and experimental infection of potential definitive hosts, 
would be useful for elucidating the epizootiology of the Sarcocysts 
spp. Additionally, it is unknown whether fishers are only 
intermediate hosts or are possibly definitive hosts for selected 
Sarcocystis species, or if any of these fishers were infected with S. 
neurona in the central nervous system, as only muscle was 
available for testing. It is possible that the fisher is an aberrant 
host that accidentally enters the life cycle of some Sarcocystis 
spp., similar to the horse (Equus Jerus) and S. neurona (Dubey, 
Saville et a!., 2001). However, if this was true, we would not 
expect the genetic sequences of the sarcocysts from the fishers we 
sampled to be so similar or to have as high an infection rate as 
that seen in our study. Phylogenetic analysis of the sequences in 
the present study gave robust support for separation of the fisher 
sequences from other Sarcocystis spp. used in the analysis, and 
none of the 8 Sarcocystis nucleotide sequences from this study 
match specifically to S. neurona (Fig. 1). In the absence of 
transmission electron microscopy, we were unable to further 
characterize the species of Sarcocystis. 
The high proportion of individuals infected with both T gondii 
and Sarcocystis spp. warrants more research into both the clinical 
FIGURE 2. Sarcocyst in skeletal muscle of a Pennsylvania fisher. H&E. 
Bar = 20 !lm. 
and sub-clinical effects of these protists for fisher populations. For 
example, black-footed ferrets (Mustela nigripes) and raccoons 
(Procyon lotor) infected by morbilliviruses, such as CDV, have 
been proven more susceptible to T. gondii and S. neurona infections 
(Williams et a!., 1998; Hancock et a!., 2005). As such, the possibility 
of co-exposures should be considered when examining fishers for 
diseases. Future research should also investigate whether individ-
uals infected with either T gondii, Sarcocystis spp., or both are more 
susceptible to vehicular strikes than are uninfected animals, as the 
majority of the animals we sampled died in this manner. In a marine 
mustelid, the sea otter, it was documented that white shark 
(Carcharodon carcharias) predation was 3.7 times more likely to 
occur on individuals with moderate to severe T gondii infections 
(Kreuder et a!., 2003). Behavioral changes induced by T. gondii or 
Sarcocystis spp. could influence fisher feeding ecology, movement, 
reproductive success and, ultimately, survival. 
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THE UNUSUAL LIFE CYCLE OF DAUBA YLIA POTOMACA, A NEMATODE PARASITE OF 
HELISOMA ANCEPS 
Michael R. Zimmermann, Kyle E. Luth, and Gerald W. Esch 
Department of Biology, Wake Forest University, Winston-Salem, North Carolina 27106. e-mail: zimmmr8@wfu.edu 
ABSTRACT: Daubaylia potomaca is a parasitic nematode that exhibits a direct life cycle using planorbid snails as their only host. 
Within the snail host Helisoma anceps, all developmental stages of the parasite are present at any given time. The nematode has an 
unusual life cycle, with the adult female being the infective stage rather than the third-stage larvae (L3), as is commonly the case in 
many other parasitic nematode life cycles. In addition, length analysis showed that L\ and Lz were not present in tissues, suggesting 
that larvae hatch from eggs as the L3• Previous studies by other investigators show that adult females abandon Biomphalaria glabrata 
at some point between 3 and 9 days of host death; in the present study, adult female D. potomaca leave H. anceps up to 59 days (and a 
mean of 14.8 days) before host death. This observation indicates a striking physiological difference between an experimental and a 
natural host for the parasite. 
Daubaylia potomaca is a member of the Cephalobidae, which 
includes both free-living nematodes found in soil, as well as 
parasitic species that are capable of infecting invertebrate hosts. 
Associations with molluscs, namely, snails and slugs, as paratenic, 
intermediate, or definitive hosts are common among rhabditid 
nematodes (Grewal et ai., 2003). By using aquatic or terrestrial 
snails and slugs as intermediate and definitive hosts, there are 3 
possible associations between the nematodes and their molluscan 
hosts. In the first association, juvenile nematodes develop within 
the host, whereas adults are free-living or parasitic in a vertebrate 
host. A second association requires a molluscan host for the entire 
life cycle but induces only limited pathology in the host. The third 
relationship also requires a mollusc for the entire life cycle; 
however, infected hosts invariably die (Grewal et ai., 2003). 
Some species of parasitic cephalobids, many of which belong to 
Daubaylia, have been described. The first, D. potomaca, was 
reported in Helisoma trivolvis (Chitwood and Chitwood, 1934) 
from Virginia. Daubaylia potomaca was found again a quarter of 
a century later in H. trivolvis and Helisoma antrosa in Douglas 
Lake, located in northern Michigan (Chemin et ai., 1960). More 
recently, D. potomaca has been discovered in Oklahoma (C. 
Davis, pers. comm.), North Carolina (N. Negovetich, pers. 
comm.), and in Wisconsin and California (L. Camp, pers. 
comm.). 
Initially, D. potomaca were reported to occur in the heart of H. 
trivolvis, leading further necropsies to focus on this site of 
infection; however, subsequent work revealed that these nema-
todes occupied virtually all tissues and blood spaces within the 
snail host (Chemin et ai., 1960). It also was noted that all stages of 
the nematodes were found within a single snail, i.e., eggs, larvae, 
and adults of both sexes. Aside from local destruction of 
connective tissue and muscle (most likely from nematode 
migration within the host), there was no identifiable pathology 
produced by either the egg or adult (Chemin et ai., 1960). Despite 
the clarification of some aspects of the life cycle by Chemin et al. 
(1960), particularly involving the infective stage, the complete 
development and life cycle of D. potomaca in a natural molluscan 
host remain unknown. 
Chemin (1962) reported that snails maintained in the labora-
tory shed multiple gravid female D. potomaca in the days leading 
up to the death of the snail. Specifically, after a relatively short 
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period, multiple gravid female D. potomaca were observed in the 
bottom of the dishes in which the snails were isolated. Inspection 
of successive collections of H. antrosa also revealed female 
nematodes in the dish upon isolation, confirming the emergence 
of the nematodes (Chemin, 1962). Of the nematodes that were 
shed, >99% (2,042/2,047) were adult females. The few adult males 
and larvae that were found outside of the snail hosts were 
suspected to have originated from decaying snails that had died 
during isolation. It should be noted that female nematodes did 
not always emerge from the host. Thus, necropsies of recently 
deceased snails revealed live nematodes of all life stages within the 
host tissue, including adult females. Despite being a common 
observation, the pattern of emergence was described, but the 
mechanism for emergence was not determined by Chemin (1960, 
1962). 
Upon the discovery that the adult female D. potomaca was an 
emergent stage, experiments were conducted to determine whether 
they were also an infective stage for Biomphalaria glabrata 
(Chemin, 1962). Experimentally infected snails were necropsied 
24 to 48 hr post-exposure, and live adult female D. jJOtomaca were 
present in the snails in numbers approximating those used for the 
initial infection. Invasion of these snails by the females only 
occurred if the nematodes came into direct contact with the snail 
(Chemin, 1962), although the exact point of entry into the snail 
was not determined. Additional experiments showed that neither 
adult male nor juvenile D. potomaca were capable of infecting the 
snail host (Chemin, 1962). 
Larval emergence and infectivity from intermediate and 
definitive hosts are typical in the life cycles of many parasitic 
nematodes, but emergence of the adult stage of a nematode is 
rare. For D. potomaca, lack of information regarding the 
parasite's life cycle is further clouded by the ability of emergent 
adult female nematodes to subsequently infect new snail hosts 
within the population. The only other groups known to possess 
infective adult females include the parasitic allantonematid 
nematodes (Jaenike, 1992) and Fergusobia sp. (Currie, 1937; Ye 
et ai., 2007). In the latter species, inseminated adult females infect 
third-stage larval instars (L3) of Fergusonina sp. flies (Currie, 
1937; Ye et ai., 2007). The Fergusobia sp. nematodes then 
proliferate in the fly host until juveniles are deposited into the 
meristem of plants in the family Myrtaceae (Ye et ai., 2007). 
Five additional Daubaylia species have been described since 
Chitwood and Chitwood (1934): D. elegans (Honer and Jansen, 
1961), D. malayanum (Sullivan and Palmieri, 1978), D. helicophi-
Ius (Poinar and Richards, 1979), D. olsoni (Poinar, 1984), and D. 
pearsoni (Anderson and Bartlett, 1993). However, no investiga-
tions into the life cycles of these new species have been conducted. 
Successful transmission of D. potomaca to B. glabrata was 
reported by Chernin et al. (1960), establishing the nematode as a 
potential biological control agent, while concomitantly providing 
insight into several of the nematode's life history details (Chernin 
et aI., 1960; Chernin, 1962). However, after these studies, research 
involving D. potomaca was abandoned until 2005 (Camp, 2007; 
Zimmermann, 2010). Therefore, the goal of the present study was 
to identify which developmental stages of D. potomaca were 
present in the host and to resolve the complete life cycle of the 
nematode in a natural host, H. anceps. 
MATERIALS AND METHODS 
Helisoma anceps were collected from Mallard Lake, a 4.9-ha body of 
water in Forsyth County, North Carolina, from May to October 2009. 
The snails were returned to the laboratory, where they were necropsied; all 
D. potomaca inside the hosts were removed and photographed. ImageJ 
software (National Institute of Health, Bethesda, Maryland) was used to 
measure the length of the parasitic nematodes. Snail tissue was pressed 
between 2 slides to check for the presence of D. potomaca eggs within the 
tissue. 
Uninfected H. anceps were collected from Charlie's Pond, a I-ha pond 
in Stokes County, North Carolina, to perform experimental infections. 
Extensive, and nearly continuous, work over the past 25 yr has been 
performed in Charlie's Pond, confirming the absence of D. potomaca from 
H. anceps in the pond (Negovetich and Esch, 2007). Helisoma anceps from 
Charlie's Pond were returned to the laboratory, isolated, and checked for 
the presence of shedding cercariae. Snails shedding cercariae were 
eliminated from the experiments, because, in some cases, rediae are 
present, and rediae are known to negatively affect the establishment of D. 
potomaca in H. anceps (Zimmermann, 2010). Uninfected snails were 
isolated in 35-mm finger bowls and exposed to 25 adult female D. 
potomaca for 24 hr. Afterward, the dish was checked for the presence of 
adult nematodes, the number of nematodes remaining in each dish was 
recorded, and the snail was moved to 55-mm finger bowls where they were 
fed a mixture of algae and TetraMin fish food for 14-21 days. The 
complete life cycle of D. potomaca takes approximately 10 days (Chernin, 
1962), and 14-21 days allowed at least I complete cycle of D. potomaca to 
occur, definitively showing that the nematode was able to establish 
infection in the snail. All snails were then necropsied, and all internal 
nematodes were counted, photographed, and measured as described above 
to determine which life stages were present within each host. 
Statistical analyses were performed to determine whether there were 
distinct size classes present among both male and female nematodes. The 
frequency distributions of male and female D. potomaca were analyzed 
using MATLAB (The MathWorks, Inc., Natick, Massachusetts) and the 
HeAP program developed by Logan et al. (1994). This program allowed 
predictions to be made regarding size class limits and probabilities of 
individuals falling outside the distribution of the size class. Data for the 
smallest size class was combined for male and female D. potomaca due to 
them being morphologically indistinguishable. One-way analysis of 
variance was performed on both male and female size class data sets to 
determine whether they were statistically different (P < 0.05). 
RESULTS 
Similar to the work of Chernin et al. (1962), >99% (15,5321 
15,641) of all shed nematodes were adult females. Tissue presses 
revealed eggs of D. potomaca that ranged in length from 59 to 
79 !lm, with a mean length of 67 ± 5 !lm. In addition, various 
developmental stages of the eggs were observed in the tissues, 
ranging from those that were undeveloped to those containing a 
developed larva. 
There were 3 distinct size classes of D. potomaca present. There 
were 92 (1.2%) individuals in the smallest size class. Male and 
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FIGURE I. Length histograms of Daubaylia potomaca. (A) Length 
histogram of male D. potomaca. (B) Length histogram of female D. 
potomaca. Each size class was fitted for a normally distributed curve. Data 
for the smallest size class was combined for both sexes due to them being 
morphologically indistinguishable. 
female nematodes in this size class were morphologically 
indistinguishable and ranged in length from 0.486 to 0.983 mm. 
The middle size class had 408 (5.3%) nematodes, 47 males and 515 
females. The largest size class contained 7,199 (93.5%) D. 
potomaca, of which 515 were males and 6,684 were females. 
Length analysis of male nematodes within snails revealed that 
multiple stages of larvae were present within a single snail host 
(F = 557.3, P < 0.0001; Fig. IA). In total, 562 male D. potomaca 
were measured, ranging in length from 0.993 to 2.843 mm; 2 
distinct size classes were present (Table I). These size classes 
ranged from 0.993 to 1.472 mm and from 1.560 to 2.843 mm. 
There were 47 in the middle size class, with a mean length of 1.190 
± 0.132 mm and 515 in the largest size class with a mean length of 
2.155 ± 0.243 mm. Clear length and morphological differences 
can be seen in the individuals representing the different size 
classes. Adult male D. potomaca have a widened recurved tail with 
a spicule and hook at the end. The L4 has early development of 
the spicule, but the hook is absent from the end of the tail. All 
developmental stages of male D. potomaca have widened recurved 
tails and distinct coloration patterns that differentiate them from 
females. 
Length analysis of female nematodes revealed that multiple 
developmental stages were present within a single snail host (F = 
5,018.8, P < 0.0001; Fig. IB). Female nematodes ranged in length 
from 0.997 to 3.004 mm, and there were 2 distinct size classes 
present (Table II). These size classes ranged from 0.997 to 
1.535 mm and from 1.560 to 3.004 mm. In all, 7,045 female 
nematodes measured. There were 361 nematodes in the middle 
size class, with a mean length of 1.276 ± 0.131 mm and 1,773 in 
the largest size class, with a mean length of 2.311 ± 0.237 mm. 
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TABLE I. Size class distributions of male Daubaylia potomaca. Estimated 
values refer to the numbers obtained using the model designed by Logan et 
al. (1994). Observed values refer to the actual numbers observed in the 
study. The data for the L3 size class of both sexes were combined due to 
them being morphologically indistinguishable. 
Parameter L3 L4 Adult 
n (estimated) 97 39 517 
n (observed) 92 47 515 
Mean (estimated) 0.785 1.217 2.152 
SD (estimated) 0.116 0.093 0.247 
Mean (observed) 0.777 1.190 2.155 
SD (observed) 0.108 0.132 0.243 
Lower limit 1.016 1.446 
Upper limit 1.016 1.446 
P (i as i-I) 0.0413 0.0017 
P (i as i + I) 0.0157 0.0014 
P (miss classify) 0.0157 0.0427 0.0017 
Clear length and morphological differences can be seen in the 
individuals representing the different size classes. The main 
morphological differences occur in the hook development. As 
the nematode matures, the hook becomes more defined, going 
from an almost completely straight tail in an L3 to a completely 
curved hook in the adult. In addition, the development of the 
ovary is not apparent until the adult stage. 
Experimental infections confirmed that the adult female is the 
infective stage of D. potomaca, because infections were found in 
H. anceps 14-21 days after exposure to adult female nematodes. 
Of the 25 snails exposed to adult female D. potomaca, 17 (68.0%) 
harbored infections of the parasite in various stages of 
development, not just the original adult females used to infect; 9 
(36.0%) of the 25 snails exposed to adult D. potomaca possessed 
numbers of the parasite that exceeded those used in the initial 
infections. Moreover, both male and female nematodes were 
found in the infected snails. The nematodes could be placed into 3 
distinct size classes, all of which fell within the ranges of the 
previously identified size classes (Table III). In addition, eggs 
were present within the tissue of the infected snails, indicating that 
the nematodes were actively releasing eggs. Furthermore, that 
TABLE II. Size class distributions of female Daubaylia potomaca. 
Estimated values refer to the numbers obtained using the model designed 
by Logan et al. (1994). Observed values refer to the actual numbers 
observed in the study. The data for the L3 size class of both sexes were 
combined due to them being morphologically indistinguishable. 
Parameter L3 L4 Adult 
n (estimated) 90 356 6,691 
n (observed) 92 361 6,684 
Mean (estimated) 0.767 1.259 2.284 
SD (estimated) 0.047 0.158 0.282 
Mean (observed) 0.777 1.276 2.311 
SD (observed) 0.089 0.131 0.237 
Lower limit 0.965 1.548 
Upper limit 0.965 1.548 
P (i as i-I) 0.0001 0.0001 
P (i as i + I) 0.0013 0.0044 
P (miss classify) 0.0013 0.0045 0.0001 
TABLE III. Comparison of Daubaylia potomaca size classes among natural 
and experimental infections. The data for the L3 size class of both sexes 
were combined due to them being morphologically indistinguishable. 
Naturally infected Experimentally infected 
No. Range No. Range 
individuals (mm) individuals (mm) 
Male L3 92 0.486-0.983 36 0.476-0.953 
L4 47 0.993-1.472 9 0.995-1.478 
Adult 515 1.560-2.843 44 1.602-2.405 
Female L3 92 0.486-0.983 36 0.476-0.953 
L4 361 0.997-1.535 100 1.009-1.539 
Adult 6,684 3.004-3.004 230 1.606-2.728 
some hosts contained a greater number of nematodes at the time 
of dissection than the number used to initially infect suggests that 
eggs actually hatched and developed within the snail hosts. 
Similar to the naturally infected snails, no individuals represent-
ing the LJ or L2 larvae were present within the snail hosts. 
Experimental infections with adult male D. potomaca were 
unsuccessful and no infections occurred. The route of nematode 
penetration into snails is still unknown. However, of approxi-
mately 4,000 snails collected and necropsied from Mallard Lake 
(Zimmermann, 2010), not once were the parasites observed within 
the lumen of the intestine. Because larvae are known to freely 
migrate through snail tissue, it seems reasonable to assume that 
adult females penetrate the snails as they slide over the bottom of 
the pond. 
DISCUSSION 
Length analysis of D. potomaca dissected from the naturally, 
and experimentally, infected snail hosts revealed 3 distinct size 
classes (Fig. lA, B). The largest of the size classes corresponds to 
adults, with the majority of the females being gravid. There was 
typically a single egg present in the uterus, but as many as 4 eggs 
were seen at one time. Due to their proximity in length to the 
adults, the other 2 size classes present in the snails are assumed to 
be the L3 and L4 . The current study is the first to report on the 
actual size classes of juvenile D. potomaca present within an 
infected host. Previous research by Chernin (1962) simply 
reported the presence of developmental stages in infected snails 
but did no further analysis with respect to which juvenile stages 
were actually present within the host. Tissue presses of the snails 
revealed eggs in various stages of development, including those 
with a developed larva inside the eggshell. Based on length 
analysis, there were no larvae in the tissues of snails that could be 
designated as LJ or L2. This suggests that larvae molt twice in the 
egg and then emerge as L3, similar to the life cycles of many 
nematodes in Ascaridoidea and Oxyuroidea (Anderson, 1984). 
Chernin (1962) performed a great deal of work explicating 
various aspects of the life cycle of D. potomaca, particularly on the 
emerging and infecting stages of the parasite. However, the 
present study suggests a novel feature of the life cycle, i.e., it seems 
that the L3 hatches directly from the egg, which is deposited by 
gravid females inside the tissues of the snail. We are confident that 
Chernin's (1960, 1962) efforts and the results reported here 
provide strong evidence for completion of the life cycle of D. 
potomaca. 
Comparisons with other species of the Cephalobidae indicate 
that the developmental patterns of D. potomaca are unique within 
the family. The typical pattern of cephalobid development 
involves the LJ emerging from the egg and subsequently 
undergoing 4 molts until it reaches adulthood (Hechler, 1970; 
Sohlenius, 1973; Schierenberg, 2000). Daubaylia potomaca, in 
contrast, molts twice while still in the egg, emerges as an L3, and 
proceeds to molt twice more before reaching adulthood. Molting 
while still in the egg is not uncommon among nematodes, 
typically occurring in Ascaridoidea and Oxyuroidea, but it is 
certainly exceptional among the Cephalobidae. 
There was a large skew toward the presence of adult D. 
potomaca in the snail population, with 93.5% of the nematodes 
being adults, compared with 5.3 and 1.2% being L4 and L3, 
respectively. This distribution varies significantly from a distri-
bution of a parasitic nematode in which the L3 is the infective 
stage where more juveniles are present than adults. The reason 
for the bias toward adults in the D. potomaca populations 
probably stems from its life history. Daubaylia potomaca develops 
from an egg to an adult in approximately 10 days and has a very 
slow reproductive rate, producing roughly 2 eggs daily, compared 
with other parasitic nematodes (Chernin, 1962; Morand, 1996). 
The low fecundity rate and relatively quick developmental time 
leads to an accumulation of adults within the host. In addition, 
unlike many parasitic nematodes that develop into an L3 and 
leave as the infective stage, D. potomaca continues to develop into 
an adult before leaving as the infective stage. Due to the 
abundance of food supply to parasitic nematodes, low adult 
mortality is typical (Calow, 1983), with the majority of parasite 
mortality resulting from host death, host pathology, or host 
immune responses (Morand, 1996). Thus, instead of accumulat-
ing L3 with less L4 and adults typical of most parasitic 
nematodes, D. potomaca accumulates adults with fewer L3 and 
L4 in the host. 
Another exceptional aspect of the D. potomaca life cycle is that 
it is monoxenous, via an aquatic mollusc. Mermithoidea are the 
only nematodes known to commonly parasitize aquatic inverte-
brates (Anderson, 1984). This is probably due to infrequent 
contact with other nematodes and hosts, as well as the lack of 
dauer-like individuals in aquatic systems (Anderson, 1984). 
Observations of adult female D. potomaca shed from snails 
indicate very poor swimming abilities of the nematode; however, 
the exact mechanism of leaving a host and subsequently infecting 
a new host is unknown. Additional research is required to resolve 
this issue. 
Another rather unusual quality of the D. potomaca life cycle is 
that the infective stage of the parasite is the adult female. 
According to Chernin (1962), adult females are actively shed from 
snail hosts as the host's death approaches. His findings state that 
nematodes are typically shed within 3 days before snail death and 
occasionally as long as 9 days before death. In contrast, the 
present study revealed that D. potomaca were shed up to 59 days 
before the death of the snail and, on average, 14.8 days before 
snail death. A possible explanation may rest with Chernin's (1960, 
1962) data being obtained using B. glabrata, whereas our snail 
hosts were H. anceps. We would assert here that H. anceps is a 
natural host for D. potomaca in Mallard Lake, although it has 
never been reported to naturally occur in B. glabrata, and that this 
dissimilarity could easily account for the difference in observed 
shedding patterns. 
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We have determined that adult female nematodes are clearly 
able to release eggs and reproduce within the new snail hosts. This 
was confirmed with experimental infections that not only show 
higher numbers of D. potomaca present than the number 
originally used to experimentally infect the host but also show 
the presence of larvae and male nematodes. This confirms that the 
adult female is indeed the infective stage of the parasite and is 
capable of establishing infections in previously uninfected snail 
hosts, further reinforcing the findings of Chernin (1962). 
However, the identification of the L3 and L4 within infected 
hosts and the emergence of the L3 directly from the egg are novel 
and have resulted in the elucidation ofthe complete life cycle of D. 
potomaca. 
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TAPEWORMS (CESTODA: CARYOPHYLLlDEA), PARASITES OF CLARIAS BATRACHUS 
(PISCES: SILURIFORMES) IN THE INDOMALAYAN REGION 
Anirban Ash, Tomas Scholz', Mikulas Orost, and Pradip Kumar Kart 
Institute of Parasitology, I?iology Centre of the Academy of Sciences of the Czech Republic and Faculty of Science, University of South Bohemia. 
Branisovska 31,37005 Ceske Budejovice, Czech Republic. e-mail: tscholz@paru.cas.cz 
ABSTRACT: Revision of monozoic cestodes (Caryophyllidea) parasitic in commercially important walking catfish Clarias batrachus 
(L.) in tropical Asia (Indomalayan zoogeographical region) was carried out, based on the evaluation of newly collected material from 
India, Indonesia, and Thailand, as well as a study of type specimens. Instead of the 59 nominal taxa of IS genera from 3 
caryophyllidean families previously described, only 8 species of the Lytocestidae are considered to be valid: Bovienia indica (Niyogi, 
Gupta and Agarwal, 1982) n. comb.; Bovienia raipurensis (Satpute and Agarwal, 1980) Mackiewicz, 1994; Bovienia seriaUs (Bovien, 
1926) Fuhrmann, 1931; Djombangia penetrans Bovien, 1926; Lucknowia microcephala (Bovien, 1926) n. comb.; Lytocestus indicus 
(Moghe, 1925) Woodland 1926; Pseudocaryophyllaeus ritai Gupta and Singh, 1983; and Pseudocaryophyllaeus tenuicollis (Bovien, 
1926) n. comb. All valid species are redescribed and SEM photomicrographs of their scolices and photomicrographs of their eggs are 
provided for the first time. Crescentovitus Murhar, 1963, Heeradevina Srivastav and Khare, 2005, Pseudobatrachus Pathak and 
Srivastav, 2005, Pseudobilobulata Srivastav and Lohia, 2002, Pseudoclariasis Pathak, 2002, and Pseudoinverta Pathak, 2002 are 
invalidated and 50 nominal species are newly synonymized, including 4 species described from other fish hosts. Taxonomic status of the 
remaining caryophyllidean taxa reported from C. batrachus (at least 6 taxa) could not be clarified because of the unavailability of their 
original descriptions. A key to identification of caryophyllidean tapeworms parasitic in C. batrachus is provided. To avoid current 
inflation of descriptions of invalid taxa, researchers are strongly encouraged to work only with well-fixed material; damaged, 
decomposed, or strongly flattened specimens should not be used for taxonomic studies, and type specimens must always be deposited 
in internationally recognized collections. 
Cestodes (tapeworms) represent a highly diversified group of 
exclusively parasitic flatworms (Platyhelminthes: Neodermata) of 
medical and veterinary importance, unique morphology, and 
complex life cycles (Caira and Littlewood, 2001; Roberts and 
Janovy, 2005). However, considerable gaps exist in our knowledge 
of the species composition, host specificity, life cycles, and 
geographical distribution of caryophyllideans, a group of 
monozoic (containing only a single set of genital organs) 
tapeworms that are assumed to represent one of the most basal 
assemblage of cestodes (Hoberg et aI., 2001; Olson et aI., 2001; 
Mackiewicz, 2003; Waeschenbach et aI., 2007; Olson et aI., 2008). 
The most limited information is available from tropical Asia 
(Oriental or Indomalayan zoogeographical region), including the 
Indian subcontinent, where only a few quality studies have been 
carried out (Mackiewicz, 1963, 1981; Mackiewicz and Murhar, 
1972). 
As many as 59 species of 15 genera of 3 families (Capingen-
tidae, Caryophyllaeidae, and Lytocestidae) have been reported 
from the walking catfish, Clarias batrachus (L.) (Siluriformes: 
Clariidae), from the Indomalayan region. However, the validity of 
many taxa is questionable because of the following problems (see 
also Mackiewicz, 1981, 1994): (1) most, if not all, taxa were 
described on the basis of inadequately fixed, deformed, or 
decomposed specimens; (2) most species descriptions were less 
than satisfactory, usually incomplete, and did not include 
information on cross-sections, which are crucial for assignment 
to a family (Mackiewicz, 1994); (3) morphology of tapeworms 
was frequently misinterpreted, i.e., ovarian follicles were confused 
with postovarian vitelline follicles, and swollen vas deferens filled 
with sperm was identified as external seminal vesicle; (4) good-
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quality, realistic illustrations (line drawings) were almost always 
missing; (5) types and voucher specimens could not be obtained (if 
they have been allegedly deposited, they are seldom loaned upon 
request); (6) almost all new taxa were described in local journals 
without a rigorous peer-review process of manuscript evaluation, 
which resulted in a poor quality of published descriptions; in 
addition, most of these journals, e.g., Flora and Fauna, Jhansi, 
are not accessible; (7) the authors generally ignored previously 
published data, including those from the same region, e.g., 
Lytocestus clariasae Jadhav and Gavahne, 1991 and L. clariasae 
Pawar and Shinde, 2002 were described under the same name, the 
latter thus becoming a homonym of the former; and (8) some fish 
have been reported to harbor an extraordinarily high number of 
caryophyllidean species, with as many as 59 species described 
from the catfish Clarias batrachus; this markedly contrasts with 
the situation in other regions in which most fish hosts usually 
harbor 1 or 2 species (see Mackiewicz, 1972; Protasova et aI., 
1990; Khalil and Polling, 1997; Hoffman, 1999). 
Mackiewicz (1981), a leading authority in the systematics of 
caryophyllidean cestodes (see papers by Mackiewicz, 1972, 1982, 
1994, 2003), critically reviewed the fauna of caryophyllidean 
cestodes of India, Nepal, and Pakistan and provided numerous 
suggestions to other researchers as to how these cestodes should 
be sampled, fixed, sectioned, and stained. On the basis of the 
examination of material of species described by Gupta (1961) and 
Murhar (1963), Mackiewicz (1981) assumed that many previously 
described taxa were invalid and called for re-examination of the 
taxonomic status of species from the Indian subcontinent based 
on new, properly fixed materials. 
Unfortunately, subsequent authors have completely ignored 
these important recommendations of Mackiewicz (1981). In fact, 
morphological descriptions of new taxa (species and genera) never 
followed these suggestions. As a result, poor quality taxonomic 
species descriptions have continued to the present day. 
Hafeezullah (1993) attempted a critical review of caryophyllid-
ean cestodes parasitic in Indian freshwater fishes. Instead of 40 
nominal taxa, he considered only 16 species to be valid and 
emphasized that most descriptions were inadequate or faulty and 
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almost always without cross- and sagittal sections. However, 
synonymies proposed by Hafeezullah (1993), apparently correct 
in many cases, have been ignored by other Indian authors. 
To improve this situation in the systematics of fish cestodes in 
the Indomalayan region, an extensive quantity of caryophyllidean 
material was collected by the present authors. This new material 
made it possible to critically review the species composition and 
morphology of tapeworms parasitic in the walking catfish, C. 
batrachus, which is a widely distributed and commercially 
important fish in Asia (Talwar and Jhingran, 1991). Morphologic, 
biometric, histologic, and scanning electron microscopy observa-
tions of the newly collected material, supplemented by a study of 
the type and voucher specimens of some of the previously 
described taxa, enabled us to provide a more reliable list of 
caryophyllidean cestodes that parasitize this catfish, to redescribe 
all valid species, and to propose several new combinations and 
numerous new synonymies. 
MATERIALS AND METHODS 
Several hundred tapeworms were collected from Clarias batrachus in 
West Bengal and Uttar Pradesh, India from 2007 to 2009 by the present 
authors. In addition, tapeworms found in C. batrachus from Siem Reap, 
Cambodia, collected by T.S. in October 2010, in Clarias gariepinus 
(Burchell, 1822) from Bogor, Java, Indonesia, collected by R. Kuchta and 
M. Riha in 2008, and in Ciarias macrocephalus Gunther, 1864 from 
Thailand, collected by A. de Chambrier in 2006, were studied. Tapeworms 
were almost always alive because they were obtained by dissection of 
fresh, usually live fish purchased at fish markets or provided by local 
fishermen. 
Cestodes were gently isolated from the host intestine to avoid loss or 
damage of the scolex. Specimens used for morphological studies, including 
observations with scanning electron microscopy (SEM) and histology, 
were rinsed in saline (physiological solution = 0.9% NaCl), placed in a 
small amount of saline in a beaker or large vial, and hot, almost boiling 
4% formaldehyde solution (= 10% formol) was immediately added to 
keep worms stretched, not contracted or deformed (see Oros et aI., 2010 
for more data on this fixation procedure). After 2-3 wk, formalin was 
replaced by 70% ethanol for storage before further processing of 
specimens (staining, sectioning, or preparation for SEM observations). 
For light microscopy, specimens were stained with Schuberg's hydro-
chlorid carmine, destained in 70% acid ethanol, i.e., ethanol with several 
drops of HCI, dehydrated through a graded ethanol series, clarified in 
clove oil (eugenol), and mounted in Canada balsam as permanent 
preparations (Scholz and Hanze1ova, 1998). Illustrations were made using 
a drawing attachment for an Olympus BX51 microscope (Olympus 
Corporation, Tokyo, Japan) with the use of Nomarski interference 
contrast. Measurements were taken using the Olympus Image-Pro 
program. Eggs dissected from the distal part of the uterus were measured 
and photographed in tap water. For SEM studies, specimens were 
dehydrated through a graded ethanol series followed by a graded 
amylacetate series, dried by a critical-point method, sputter-coated with 
20-25 urn of gold, and examined with a Jeol JSEM 740lF microscope 
(JEOL Ltd., Tokyo, Japan) (Oros et aI., 2010). 
Specimens studied have been deposited in the following collections (for 
accession numbers see redescriptions of individual taxa): The Natural 
History Museum, London, U.K. (BMNH); Helminthological Collection, 
Institute of Parasitology, teske Budejovice, Czech Republic (IPCAS); H. W. 
Manter Laboratory, University of Nebraska State Museum, Lincoln, 
Nebraska (HWML); Natural History Museum, Geneva, Switzerland 
(MHNG); U.S. National Parasite Collection, Beltsville, Maryland (USNPC); 
and the Zoological Survey of India, Kolkata (Calcutta), India (ZSI). 
All but 1 attempt to obtain types or voucher specimens of 
caryophyllidean cestodes described from C. batrachus, especially those 
erected since 1985 from India, were unsuccessful. The types or voucher 
specimens of only the following 9 caryophyllidean species were available 
for this study: (1) Caryophyllaeus javanicus Bovien, 1926 (= Lytocestus 
indicus) - holotype from C. batrachus, Java, Indonesia (MHNG 60963); 
(2) Caryophyllaeus serialis Bovien, 1926 (= Bovienia serialis) - holotype 
(gravid specimen without scolex) from C. batrachus, Djombang, Java, 
Indonesia (MHNG 60964); vouchers from C. batrachus, Nagpur, India 
(personal collection of John S. Mackiewicz, Albany, New York, U.S.A.-
JSM X24.6 and XII.2); (3) Crescentovitus bi/oculus Murhar, 1963 -
holotype from Heteropneustes fossilis (Bloch), Nagpur, Maharashtra, 
India (USNPC 70469) (photomicrographs taken by P. Pilitt); (4) 
Djombangia penetrans Bovien, 1926 - syntypes (4 slides with longitudinal 
sections of the worms attached to intestinal mucosa) from C. batrachus, 
Java, Indonesia (MHNG 36035); (5) Djombangia indica Satpute and 
Agarwal, 1974 (= D. penetrans) - holotype from C. batrachus; the locality 
was not indicated in the original description, but was most probably 
Raipur, Madhya Pradesh (now Chhattisgarh), India; (6) Introvertus 
raipurensis Satpute and Agarwal, 1980 (= Bovienia raipurensis) - holotype 
from C. batrachus; the locality was not indicated in the original 
description, but was most probably Raipur, Madhya Pradesh 
(now Chhattisgarh), India; (7) Lucknowia indica Niyogi, Gupta and 
Agarwal, 1982 (= Bovienia indica) - 2 specimens (probably syntypes) from 
C. batrachus, Raipur, Madhya Pradesh (now Chhattisgarh), India. All 3 
above-listed (nos. 5-7) species are currently deposited in the School of 
Studies in Life Sciences, Pt. Ravishankar Shukla University, Raipur, 
Chhattisgarh, India; (8) Lytocestus birmanicus Lynsdale, 1956 
(= Pseudocaryophyllaeus tenuicollis) - holotype from C. batrachus, 
Rangoon, Burma (now Myanmar) (BMNH 1998.10.22.35-36); and (9) 
Lytocestus longicollis Rama Devi, 1973 (= Pseudocaryophyllaeus tenui-
collis) - holotype and paratype from C. batrachus, Visakhapatnam 
District, Andhra Pradesh, India (USNPC 72796 and 72797). 
For the other species, data from the original descriptions had to be used. 
All measurements are in lUll, unless otherwise indicated; "n" indicates the 
number of measurements. 
RESULTS 
Morphological evaluation of extensive, newly collected material 
of caryophyllidean tapeworms from India, Indonesia, and Thai-
land has shown that they belong to 8 morphologically well 
distinguishable, known species of Lytocestidae: Bovienia indica 
(Niyogi, Gupta and Agarwal, 1982) n. comb.; Bovienia raipurensis 
(Satpute and Agarwal, 1980) Mackiewicz, 1994; Bovienia serialis 
(Bovien, 1926) Fuhrmann, 1931; Djombangia penetrans Bovien, 
1926; Lucknowia microcephala (Bovien, 1926) n. comb.; Lytoces-
tus indicus (Moghe, 1925) Woodland 1926; Pseudocaryophyllaeus 
ritai Gupta and Singh, 1983; and Pseudocaryophyllaeus tenuicollis 
(Bovien, 1926) n. comb. All species are redescribed and SEM 
photomicrographs of their scolices and photomicrographs of the 
eggs are provided for the first time. In addition, as many as 50 
species were newly synonymized (lists of synonymies are provided 
in the redescriptions of individual taxa). The taxonomic status of 
some species, those for which the descriptions were not available, 
could not be clarified (see "Taxa of unclear status"). 
REDESCRIPTIONS 
Bovienla indica (Niyogi, Gupta and Agarwal, 1982) n. comb. 
(Figs. 1A, 2A, B, 3, 6A, 11A) 
Diagnosis (based on whole mounts of 8 complete specimens, 14 slides of 
sagittal and cross-sections, and 4 specimens for SEM from West 
Bengal, India): Measurements of B. indica redescribed by Mackiewicz 
and Murhar (1972) as B. serialis in parentheses. Body of gravid individuals 
15-23 mm (n = 8; 14-35 mm) long, with maximum width 0.72 mm (0.8-
1.6 mm) at level anterior to cirrus-sac, tapering continuously towards 
anterior end (Fig. 1A). Scolex small, unspecialized, 168-252 wide, only 
slightly wider than narrow, long neck, 105-236 (200-400) wide (Figs. 2A, 
B, 3A, C). Anterior edge of scolex blunt, almost rectangular in outline 
(Fig. 3B). Outer and inner longitudinal muscles well developed, consisting 
ofsmall bundles of muscle fibers (Fig. 31). Testes medullary, 321-429 (n = 
5; 213-479) in number, almost spherical, 69-123 X 64-116 (n = 24; 50-
240); position of anteriormost testes variable, from just slightly posterior 
(0.2 mm) to far (1.1 mm) posterior to anteriormost vitelline follicles 
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FIGURE 1. Outlines of adults of caryophyllidean tapewonns (Cestoda) parasitizing Clarias batrachus in the Indomalayan Region. (A) Bovienia indica 
(Niyogi, Gupta and Agarwal, 1982). (B) Bovienia raipurensis (Satpute and Agarwal, 1980). (C) Bovienia serialis (Bovien, 1926). (D) Lucknowia 
microcephala (Bovien, 1926). (E) Lytocestus indicus (Moghe, 1925). (F) Pseudocaryophyllaeus ritai Gupta and Singh, 1983. (G) Pseudocaryophyllaeus 
tenuicollis (Bovien, 1926). Abbreviations: cga = common genital atrium; fvf = first vitelline follicle; fgp = female genital pore; ft = first testis; mgp = 
male genital pore. 
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FIGURE 2. Scanning electron micrographs of the scolices of caryophyllidean tapeworms (Cestoda) from Clarias batrachus in the Indomalayan 
Region. (A, B) Bovienia indica (Niyogi, Gupta and Agarwal, 1982). (C, D) Bovienia raipurensis (Satpute and Agarwal, 1980). (E, F) Bovienia serialis 
(Bovien, 1926). (G, H) Djombangia penetrans Bovien, 1926. (I, J) LucknolVia microcephala (Bovien, 1926). (K, L) Lytocestus indicus (Moghe, 1925). (M, 
N) Pseudocaryophyllaeus ritai Gupta and Singh, 1983. (0, P) Pseudocaryophyllaeus tenuicollis (Bovien, 1926). 
(Figs. 3A, C, F); testicular field ends anterior to cirrus-sac (Figs. 3G, H); 
pretesticular region represents about 1I3-2/5, i.e., 31-41 % (n = 8), of total 
body length. External and internal seminal vesicle absent. Cirrus-sac large, 
oval, 371-601 x 200-353 (n = 7; 500-800), its width representing about 
1I2 of body width (Fig. 3D). Ovary follicular, H-shaped, with posterior 
arms bent inwards (Figs. 3D, H) or inverted A-shaped (Figs. 3E, G), 336-
564 wide; arms 0.7-1.2 (1.2-2.3) mm long, 112-219 wide (n = 16). Vagina 
slightly sinuous to almost straight, joins with uterus to form wide 
uterovaginal duct surrounded terminally by large sphincter (Fig. 3J). 
Seminal receptacle broad, situated anterodorsal to ovarian isthmus 
(Fig. 3D). Vitelline follicles cortical, in 2 lateral rows, missing medially, 
numerous, 42-85 X 37-77 (n = 24; 60-230); anteriormost follicles begin 
4.6-8.0 (5.6-9.7) mm posterior to anterior edge of scolex, extend up to 
level of midline or posterior end of cirrus-sac (Figs. 3G, H); ratio between 
anterior part of body up to first vitelline follicles and total body length 
about 1:3, i.e., 31-35% (n = 8); postovarian vitelline follicles absent. Uterus 
forms several loops between ovary and posterior margin of cirrus-sac; 
preovarian loops surrounded by numerous glands; uterine region 1-1.5 mm 
long, representing I1l0-1I8 of testicular region. Eggs oval, unembryonated, 
smooth, operculate (Fig. lIA), 47-48 X 33-39 (n = 18; 37-42 X 28-31). 
Male and female genital pores separate, open to distinct genital atrium 
(corresponding to Fig. 5.24 of Mackiewicz, 1994) (Figs. 3D, J, 6A). 
Taxonomic summary 
Synonyms: Bovienia serialis of Mackiewicz and Murhar (1972), nec of 
Bovien (1926); Lucknowia indica Niyogi, Gupta and Agarwal, 1982; 
Heeradevina baruasagarensis Srivastav and Khare, 2005; Lytocestus 
attenuatus Tandon, Chakravarty and Das, 2005; Lytocestus clariae 
Tandon, Chakravarty and Das, 2005. 
Type and only host: Clarias batrachus (Siluriformes: Clariidae). 
Type locality: Not given explicitly, most probably Raipur, Madhya 
Pradesh (now Chhattisgarh), India. 
Distribution: India (Assam, Madhya Pradesh, Maharashtra, Uttar 
Pradesh, West Bengal), probably Bangladesh, Malaysia, and Philippines. 
Type material: Two specimens (probably syntypes) in the helmintho-
logical collection of the School of Studies in Life Sciences, Pt. Ravishankar 
Shukla University, Raipur (Chhattisgarh), India (not numbered). 
Material examined: Lucknowia indica - 2 specimens (probably syntypes) 
from C. batrachus; 2 spec. of "B. serialis" (= B. indica) from C. batrachus, 
Nagpur, Maharashtra, India, July 1968, collected by B. Murhar (BMNH 
1972.1.3.1; USNPC 72139); I spec. of "B. serialis" (= B. indica) from C. 
batrachus, Gauhati, Assam, India, October 1969, collected by B. Murhar 
(BMNH 1972.1.3.2); 12 spec. of "B. serialis" (= B. indica) collected by B. 
M. Murhar in India, including 6 specimens from Nagpur, Maharashtra 
(all from J. S. Mackiewicz's collection, now deposited as HWML 49518 
and 49519, ICAS C-353, JSM - not numbered, and USNPC 104233-
104235); 93 spec. from C. batrachus, West Bengal, India: Rishra, vi.-vii., 
xi. 2007 and ii.-iii. 2008 - 57 spec.; Balurghat, x., xii. 2007 and iii. 2009 -
29 spec.; Maida (English Bazar), iii. 2009 - 6 spec., Jhargram, iii. 2009 - 1 
spec.; all collected by A. Ash, T. Scholz and P. K. Kar. 
Deposition of new specimens: BMNH (2010.8.10.1-4), IPCAS (C-353/l), 
MHNG (INVE 70464 and 70465), USNPC (103392 and 103393). 
Remarks 
This species was originally described as Lucknowia indica by Niyogi et 
al. (1982) from C. batrachus from India, but Hafeezullah (1993) 
synonymized it with B. serialis. However, this synonymy is considered 
to be incorrect because the actual B. serialis described by Bovien (1926) 
from Indonesia differs from B. indica in several morphological character-
istics considered to be of taxonomic importance: (I) the posterior extent of 
vitelline follicles, with follicles absent posterior to the cirrus-sac in B. 
indica (Figs. 3D, G, H), versus follicles reaching well posterior to the 
cirrus-sac, near to the anterior arms of the ovary (Fig. 5D); (2) shape of 
the scolex, which is widest in its middle part and is markedly wider than 
the neck in B. serialis (Figs. 1 C, 2F, 5B), whereas it has almost the same 
width throughout its length, being just slightly wider than the neck in B. 
indica (Figs. lA, 2A, 3B); (3) length of the neck, which is markedly longer 
in B. indica (Figs. 3A, C) than in B. serialis (Figs. 5A, B); and (4) absence 
of a common genital atrium in B. serialis (Figs. 5C, 6B). Conspecificity of 
the new material with B. indica was confirmed by examination of 2 type 
specimens of this species. 
Based on the present study, it can be concluded that all tapeworms 
reported as B. serialis from C. batrachus from India and, possibly, from 
Malaysia, including those redescribed by Mackiewicz and Murhar (1972), 
are conspecific with B. indica. 
Srivastav and Khare (2005) erected a new genus, Heeradevina, to 
accommodate their new species, H. baruasagarensis, from C. batrachus 
from Baruasagar, Jhansi (Uttar Pradesh), India. The authors placed the 
genus in the Capingentidae because of vitelline follicles "partly cortical 
and partly medullary." However, no cross-sections were provided to 
confirm the paramuscular position of vitelline follicles in relation to the 
inner longitudinal muscles. The lateral position of vitelline follicles, the 
presence of a long, slender neck, and the shape of the scolex and ovary are 
identical with those of the Iytocestid Bovienia indica. The eggs of H. 
baruasagarensis were reported (and very schematically illustrated; Fig. 4 in 
Srivastav and Khare, 2005) to be unoperculate, but this observation seems 
to be doubtful (all caryophyllideans have operculate eggs [Mackiewicz, 
1972]). The morphological description of H. baruasagarensis is incomplete 
(very schematic illustrations do not reflect reality; see, e.g., the cirrus-sac 
and uterine "loops" in Fig. 3 in Srivastav and Khare, 2005) and contains 
apparent errors (for example, the ovary is compact in their Fig. 3, not 
follicular as is typical for all Indian taxa). Accordingly, H. haruasagarensis 
becomes a new synonym of B. indica and Heeradevinema is invalidated, 
being synonymized with Bovienia. 
Tandon et al. (2005) erected 3 new caryophyllidean species from C. 
batrachus from eastern India (Assam and Meghalaya). Two of these taxa, 
namely Lytocestus clariae and Lytocestus attenuatus, possessed vitelline 
follicles limited to 2 lateral bands (see Figs. I, 3, 5, 7, 9, 11, 13 and 15 in 
Tandon et aI., 2005), which is a characteristic typical of Bovienia (see 
Mackiewicz, 1994). Accordingly, both species should be placed in this 
genus, not in Lytocestus. In addition, both taxa possess all morphological 
characteristics typical of B. indica as redescribed above. 
Lytocestus attenuatus is indistinguishable from B. indica in its 
morphology, including measurements, and their conspecificity is unques-
tionable. Slight differences exist between B. indica and L. clariae in the 
overall shape of the body, which is more robust in the latter species, and in 
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length of the neck, which is shorter in L. clariae. However, specimens 
studied by Tandon et al. (2005) were contracted, as was obvious from the 
shape of internal organs, especially testes and ovarian and vitelline 
follicles, which are unnaturally oblate (see Figs. 1-3 in Tandon et aI., 
2005). Contraction of the body is also visible in a sagittal section of its 
posterior part with transverse wrinkles (see Fig. 6 in Tandon et aI., 2005). 
A similar contraction was observed in B. indica tapeworms fixed with 
cold formalin (A. Ash, unpubl. obs.; Fig. 3E); they had an identical shape 
of the body and distribution of internal organs as those of L. clariae, and 
their neck region was markedly more contracted compared to B. indica 
specimens fixed with hot formalin (Figs. 3A, C). The eggs of L. clariae 
were reported to be spinuous, but this unusual observation should be 
confirmed by SEM. Therefore, L. attenuatus and L. clariae are newly 
synonymized with B. indica. 
Bovienia indica is the fourth most-common species parasitic in C. 
batrachus, with a prevalence of 29% and a mean intensity of infection of 
5.5 (range 1-28) in West Bengal. Mackiewicz and Murhar (1972) reported 
the prevalence of B. indica (under the name B. serialis) to range from 8 to 
36% and the mean intensity from 1.5 to 8.5 worms (range 1-39). The 
distribution area of B. serialis includes India, and possibly Bangladesh, 
Malaysia (Mackiewicz and Murhar, 1972 did not provide morphological 
data or illustrations of specimens from Malyasia and, thus, their species 
identification is uncertain), and the Philippines (Arthur and Lumanlan-
Mayo, 1997; Arthur and Ahmed, 2002). 
Bovienia indica can be distinguished most easily from sympatrically 
occurring (often found in simultaneous infections) B. raipurensis by shape 
of the scolex and posterior extent of vitelline follicles (see Key and 
compare Figs. 2A, B with Figs. 2C, D, and compare Figs. 3D, G, H 
versus Figs. 4D, H). However, both species of Bovienia may be difficult to 
distinguish from each other when live worms are observed because their 
scolices are highly motile and their shape changes conspicuously. 
Bovienia raipurensis (Satpute and Agarwal, 1980) Mackiewicz, 1994 
(Figs. 1 B, 2C, D, 4, 11 B) 
Diagnosis (based on whole mounts of8 specimens, IO slides of sagittal and 
cross-sections, and 5 specimens for SEM from West Bengal, India; 
measurements from Satpute and Agarwal. 1980 given in parentheses, 
whereas measurements of the holotype made as part of this study are given 
in brackets): Body of gravid individuals 17-23 mm (n = 8; 23.0-55.5 mm 
[49 mm]) long, with maximum width 1.0 mm (1.1-1.8 mm [1.4 mm]) at 
level slightly anterior to cirrus-sac, narrowing markedly in width from 
posterior region towards anterior part (Fig. I B). Scolex spatulate (see 
Mackiewicz, 1994, Fig. 5.7) to almost lanceolate or pyriform (Figs. 2C, D, 
4A-C), 1.3-1.6 mm (1.3-5.0 mm [1.7 mm]) long by 446-568 (300-1,490 
[834]) wide, with digitiform, bluntly ended anterior extremity. Neck 
narrow, long, 114-178 (190-860 [368]) wide. Outer and inner longitudinal 
muscles well developed, consisting of small bundles of muscle fibers 
(Fig. 4F). Testes medullary, 254-336 in number (n = 5), almost spherical, 
90-145 X 88-124 (n = 24; 120-240 X 110-210 [202-238 X 174-212]); 
anteriormost testes begin well posterior, at distance of 0.6-1.4 mm, to 
anteriormost vitelline follicles; testicular field reaches to anterior margin of 
cirrus-sac; ratio between anterior part of body up to first testes and total 
body length almost 1:2, i.e., 43-51 % (n = 9). External and internal seminal 
vesicles absent. Cirrus-sac large, oval, 431-567 X 286-390 (n = 7; 910-
1,730 X 570-720 [1,400 X 700]), its width representing about 1/3-112 (37-
46%; n = 7) of width of body. Ovary follicular, H-shaped, with posterior 
ends slightly bent inwards but not confluent (Figs. 4D, E). Total width of 
ovary 416-751; ovarian arms 0.9-1.5 mm (1.1-1.9 mm [1.8 and 1.9 mm]) 
long and 118-257 wide (n = 16). Vagina tubular, slightly sinuous, anterior 
to ovarian isthmus, enlarges to form almost triangular seminal receptacle 
with wide posterior part, tapering anteriorly (Figs. 4D, E), 200-360 long 
by 280-410 wide. Vitelline follicles cortical, numerous, in 2 lateral rows, 
completely absent medially, 57-98 X 52-92 (n = 24; 40-180 X 10-70 [159-
178 X 140-164]); anteriormost follicles begin 7.1-8.6 mm posterior to 
anterior edge of scolex, extend up to anterior extremity of ovarian arms 
(Figs. 4D, H); exceptionally, follicles are missing posterior to cirrus-sac on 
1 side (Fig. 4E). Postovarian vitelline follicles absent. Ratio between 
anterior part of body up to first vitelline follicles, and total body length, 
about 1/3-112 (38-44%; n = 8). Uterus forms several loops between ovary 
and posterior margin of cirrus-sac, joins with vagina to form wide 
uterovaginal canal surrounded by large, conspicuous sphincter (Figs. 4G, 
H). Preovarian uterine loops surrounded by numerous glands; uterine area 
1.1-1.7 mm long, representing about 1/8-116, i.e., 13-16%, of length of 
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FIGURE 3. Bovienia indica (Niyogi, Gupta and Agarwal, 1982) (A, C) Anterior part of the body with the first vitelline follicles and testes. (B) Scolex. 
(D) Posterior part of the body, ventral view; note the posterior extent of vitelline follicles and a common genital atrium (cga). (E) Total view of a 
contracted specimen fixed with cold formalin, ventrally; *only the anteriormost and posteriormost testes illustrated. (F) Region with the anteriormost 
testes and vitelline follicles; note anastomosed excretory canals. (G, H) Posterior part of the body, ventral view; note slightly different posterior extent of 
vitelline follicles in relation to the cirrus-sac. (I) Cross-section at the level of the testicular region; note 2 layers of longitudinal muscles. (J) Region of 
gonopores, lateral view; note the presence of a muscular sphincter (sp) surrounding the uterovaginal canal and a common genital atrium. Abbreviations: 
testicular area. Eggs unembryonated, oval, smooth, operculate (Fig. liB), 
45-52 X 30-33 (n = 20; 30-60 X 20-50 [eggs deformed and thus 
unsuitable for measuring]). Genital pores separate, open to distinct genital 
atrium (corresponding to Fig. 5.24 of Mackiewicz, 1994) (Figs. 4D, E). 
Taxonomic summary 
Synonyms: Bovienia nagpurensis Murhar, 1972 (nomen nudum); 
Introvertus raipurensis Satpute and Agarwal, 1980; Lucknowia raipurensis 
(Satpute and Agarwal, 1980) Schmidt, 1986; Bovienia ilishai Zaidi and 
Khan, 1976 (?): Capingentoides faizabadensis Pande, Dubey and Mittal, 
2007 (?). 
Type and only host: Clarias batrachus (Siluriformes: Clariidae). 
Type locality: Not given explicitly; most probably Raipur, Madhya 
Pradesh (now Chhattisgarh), India. 
Distribution: India (Chhattisgarh and West Bengal). 
Type material: Holotype (strongly flattened complete worm with a 
damaged apical end) deposited in the School of Studies in Life Sciences, 
Pt. Ravishankar Shukla University, Raipur (Chhattisgarh), India (not 
numbered). 
Material examined: Holotype of Introvertus raipurensis from C. 
batrachus, probably Raipur, Madhya Pradesh (now Chhattisgarh), India; 
1 specimen from C. batrachus, probably Howrah, West Bengal, India 
(from J. S. Mackiewicz's collection, now deposited as USNPC 104236); 
107 spec. from C. batrachus, West Bengal, India: Rishra, vi., xii. 2007 and 
ii.-iii. 2008 - 47 spec. collected by A. Ash; Balurghat, x., xii. 2007 and iii. 
2009 - 39 spec.; Siliguri, iii. 2009 - 1 spec.; Jhargram, iii. 2009 - 20 spec., 
all collected by A. Ash, T. Scholz and P. K. Kar. 
Deposition of new specimens: BMNH (2010.8.10.5-6), IPCAS (C-S38/1), 
MHNG (INVE 70466-70468), USNPC (103394-103397). 
Remarks 
Tapeworms found in C. batrachus from West Bengal are indistinguish-
able from Introvertus raipurensis Satpute and Agarwal, 1980 and are 
considered conspecific. Their conspecificity was confirmed by comparison 
with the holotype of l. raipurensis because they are identical in 
morphological characteristics considered to be species-specific, i.e., all 
specimens possess vitelline follicles limited to the lateral sides of the body 
and absent medially (generic characteristic of Bovienia Fuhrmann, 1931), a 
spatulate to almost lanceolate (pear-shaped) scolex with digitiform, 
bluntly ended terminal end, a very long, slender neck, and vitelline 
follicles reaching posteriorly up to the ovarian arms. 
The only difference exists in the size of the worms because the holotype 
is considerably larger than the specimens from West Bengal. Despite a 
larger total size, the internal morphology of the strongly flattened 
holotype is identical to that of the specimens studied, including the ratios 
of individual body parts and the presence of a conspicuous sphincter 
around the uterovaginal canal (Figs. 4G, H). 
Introvertus raipurensis was described as the type, and only, species of the 
new genus Introvertus Satpute and Agarwal, 1980 from the intestine of C. 
batrachus, most probably from Raipur (the origin of the worms was not 
explicitly mentioned in the original description). The new genus was 
distinguished from other lytocestid genera by the possession of 
postovarian vitelline follicles (but they were not illustrated; see Fig. lc 
in Satpute and Agarwal, 1980a), the terminal introvert on the anterior 
edge of the scolex, and the presence of an external seminal vesicle. 
Schmidt (1986) synonymized Introvertus Satpute and Agarwal, 1980 
with Lucknowia Gupta, 1961, most probably because of the alleged 
presence of postovarian vitelline follicles in both genera, and placed l. 
raipurensis in Lucknowia as a new combination, Lucknowia raipurensis 
(Satpute and Agarwal, 1980) Schmidt, 1986. However, this taxonomic 
action is apparently incorrect because the vitelline follicles of species of 
Lucknowia are circumcortical, i.e., also present medially (Gupta, 1961). 
Indeed, Mackiewicz (1994) did not accept this assertion and synony-
mized Introvertus with Bovienia Fuhrmann, 1931, because the ovarian 
follicles of Introvertus had been mistaken for postovarian vitelline follicles, 
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i.e., the swollen vas deferens had been misinterpreted as the external 
seminal vesicle and the apical elongation of the scolex as an introvert. A 
recent study of the holotype of l. raipurensis confirmed all the 
observations of Mackiewicz (1994) who, however, did not explicitly state 
whether or not B. raipurensis was considered to be a valid species. 
Hafeezullah (1993) synonymized B. raipurensis with Bovienia serialis 
(= B. indica, see below), but this placement was not well justified. Bovienia 
raipurensis differs from both species, i.e., from B. indica and B. serialis, in 
shape of the scolex and the posterior extent of the vitelline follicles. 
Therefore, this synonymy is not accepted herein and B. raipurensis is 
considered to be a valid species, which is most easily distinguishable from 
congeners by the spatulate to lanceolate scolex (Figs. 2C, 4A-C). 
Murhar (1972) proposed a new species, Bovienia nagpurensis, which 
perfectly matches with B. raipurensis (see Figs. 18 and 19 of Murhar, 
1972). However, description of the former species has never been 
published and, thus, B. nagpurensis is a nomen nudum. 
Bovienia ilishai Zaidi and Khan, 1976 was described from a marine fish, 
Macrura ilisha (Hamilton), from Ghulam Mohammad Barrage near 
Karachi in Pakistan (Zaidi and Khan, 1976). It is probable that this record 
was an accidental infection (Mackiewicz, 1981). The species is typified by 
an asymmetrical ovary with very long anterior arms and short posterior 
ones. However, it is possible that Zaidi and Khan (1976) misidentified 
vitelline follicles with the ovarian ones. In fact, contracted, badly fixed, 
and thus deformed specimens of B. raipurensis with detached scolex may 
have been misidentified as B. illishai because it resembles the former taxon 
in its gross morphology such as a long neck, the posterior extent of 
vitelline follicles, and shape of the ovary. No type specimens of this taxon 
have been deposited and, thus, it is impossible to confirm its taxonomic 
status. Therefore, it is tentatively considered as a new synonym of B. 
raipurensis. Capingentoides faizabadensis is most probably Bovienia 
raipurensis with a detached scolex because of lateral vitelline follicles 
(absent medially - see Plate 1 in Pande et aI., 2007) and their posterior 
extent up to the ovary (Pande et al., 2007 mistook ovarian follicles as 
vitelline ones). 
Bovienia raipurensis has been reported only twice (Satpute and Agarwal, 
1980a; present study) and its distribution area is limited to India. 
Prevalence during the present study in West Bengal (2007-2010) was 27% 
with a mean intensity of infection of 6 (range 1-32). 
Bovienia serialis (Bovien, 1926) Fuhrmann, 1931 
(Rgs. 1C, 2E, F, 5, 68) 
Diagnosis (based on whole-mounts of 3 specimens and 2 specimens for 
SEM from Clarias gariepinus from Java, Indonesia; measurements of the 
holotype are in parentheses and data from the original description by Bovien, 
1926 are in brackets): Body of gravid individuals 7-16 mm (n = 2 [15 mm]) 
long, with maximum width 0.6 mm ([0.6 mm]) at level anterior to cirrus-
sac, tapering towards anterior end from posterior region (Fig. IC). Scolex 
small, unspecialized, 251-284 wide, spatulate (Figs. 2E, F, SA), wider than 
neck, 145-169 (n = 3) wide. Anterior edge of scolex widely rounded to 
almost blunt (Fig.SB). Testes, 141-173 (n = 2) in number, almost 
spherical, 70-98 X 61-90 (n = 16; 109-134 X 101-115); anteriormost 
testes begin 0.6-1.2 mm posterior to anteriormost vitelline follicles; testes 
not reaching posteriorly to anterior margin of cirrus-sac (Fig. SC); 
pretesticular region represents about 1/5-1/6, i.e., 17-21% (n = 2), of 
total body length. External and internal seminal vesicle absent. Cirrus-sac 
spherical, 240-327 X 186-283 (n = 2; 473 X 361), its width representing 
about 1/2, i.e., 50-54% of body width. Ovary follicular, H-shaped, with 
posterior arms slightly bent inwards (Figs. SC, D), 273-421 (n = 2; 736) 
wide; arms 0.5-1.2 mm (1.2-1.3 mm) long by 58-122 wide (n = 4; 210-
225). Vagina tubular, sinuous (Fig. SC). Seminal receptacle transversely 
oval, broad 58-96 X 76-89 (162 X 103), situated anterior to ovarian 
isthmus (Fig. SC). Vitelline follicles numerous, in 2 lateral rows, missing 
medially, 42-71 X 39-61 (n = 16; 85-98 X 51-64); anteriormost follicles 
begin 2.1-3.9 mm posterior to anterior edge of scolex (Fig. SA), extend 
posterior to cirrus-sac, almost to ovarian arms (Figs. SC-E); anterior part 
of body up to first vitelline follicles represents about 1/4-1/3, i.e., 24-30%, 
cga = common genital atrium; cs = cirrus-sac; eb = excretory bladder; ec = excretory canal; elm = external longitudinal musculature; fgp = female 
genital pore; ilm = inner longitudinal musculature; Mg = Mehlis gland; mgp = male genital pore; ov = ovary; sd = sperm duct; sp = sphincter; sr = 
seminal receptacle; t = testis; va = vagina; vd = vitelloduct; vf = vitelline follicle; ug = uterine glands; ut = uterus. 
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FIGURE 4. Bovienia raipurensis (Satpute and Agarwal, 1980). (A, C) Anterior part of the body with the first vitelline follicles and testes. (B) Scolex. (D, 
E) Posterior part of the body, ventral view; note the posterior extent of vitelline follicles. (F) Cross-section at the level of the testicular region; note 2 
layers of longitudinal muscles. (G) Uterovaginal canal surrounded by sphincter; holotype (strongly flattened worm). (H) Region of gonopores, dorsal 
view; note the presence of a muscular sphincter around the uterovaginal canal. Abbreviations: fgp = female genital pore; sp = sphincter; va = vagina; 
uvd = uterovaginal duct; ut = uterus. 
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FIGURE 5. Bovienia serialis (Bovien, 1926). (A) Anterior part of the body with the first vitelline follicles and testes. (B) Scolex. (C) Posterior part of the 
body, ventral view; note presence of vitelline follicles posterior to the cirrus-sac, but not reaching to the ovarian arms, and separate position of both 
genital pores. (D) Posterior part of the holotype (MHNG INVE 60964), ventral view; note the posterior extent of vitelline follicles. (E) Region of the 
cirrus-sac, ventral view; note the posterior extent of vitelline follicles. Abbreviations: fgp = female genital pore; mgp = male genital pore. 
of total body length (n = 2); postovarian vitelline follicles absent. Uterus 
forms several loops between ovary and posterior margin of cirrus-sac; 
preovarian loops surrounded by numerous glands; uterine region 0.6-
1.4 mm (1.3 mm [2.0 mm]) long, representing almost 1/8, i.e., 12-13%, of 
testicluar region. Eggs oval, un embryonated, operculate, 45-51 X 29-30 (n 
= 5; 41--48 X 28-35). Male and female genital pores open separately 
(corresponding to Fig. 5.25 of Mackiewicz, 1994); common genital atrium 
absent (Figs. 5C; 6B). 
Taxonomic summary 
Synonym: Caryophyllaeus serialis Bovien, 1926. 
Type host: Clarias batrachus (Siluriformes: Clariidae). 
Additional host: Clarias gariepinus (Siluriformes: Clariidae). 
Type locality: Djombang, Java, Indonesia. 
Distribution: Indonesia (Java) (records of B. serialis from India, and 
possibly Bangladesh, were misidentifications and they are B. indica-see 
above; records of B. serialis from Malaysia should be confirmed). 
Type material: Holotype (incomplete, strongly flattened worm desig-
nated as cotype-see Mackiewicz, 1963) in the Natural History Museum, 
Geneva, Switzerland (MHNG INVE 60964). 
Material examined: Bovienia serialis - holotype from C. batrachus 
(MHNG INVE 60964); 3 whole-mounted specimens from C. gariepinus, 
Java, Indonesia, iii. 2008, collected by R. Kuchta and M. Riha. 
Deposition oj new specimens: IPCAS (C-353/l). 
Remarks 
Relatively small and slender cestodes found in Clarias gariepinus from 
Indonesia correspond perfectly to those described by Bovien (1926) as 
Caryophyllaeus serialis. Their conspecificity was confirmed by comparison 
of the new material with the holotype of this species. Bovienia serialis was 
described from a dozen fragments (but just I complete specimen) found in 
Clarias batrachus from Djombang in east Java, Indonesia (Bovien, 1926). 
The species was distinguished from other species of Caryophyllaeus, 
including another 5 new species proposed by Bovien (1926), by vitelline 
follicles limited to 2 lateral longitudinal rows, with the follicles not 
surrounding the testes medially. The scolex was described, but not 
illustrated, to be slightly wider than the neck region (Bovien, 1926). 
Fuhrmann (1931) proposed a new genus, Bovienia, to accommodate 
Caryophyllaeus serialis, which became its type species. The validity of this 
genus, which is the most readily typified by the vitelline follicles limited to 
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FIGURE 6. Genital pores. (A) Bovienia indica (Niyogi, Gupta and 
Agarwal , 1982); note presence of common genital atrium. (B) Bovienia 
serialis (Bovien, 1926); note separate genital pores without common 
genital atrium. 
2 lateral fields and absent medially, has been widely accepted (Yamaguti, 
1959; Schmidt, 1986; Hafeezullah, 1993; Mackiewicz, 1994). 
Mackiewicz and Murhar (1972) redescribed a Bovienia species, which 
they considered to be conspecific with B. serialis, on the basis of the 
evaluation of extensive material from the Indian states of Assam, Madhya 
Pradesh, Maharashtra, and Uttar Pradesh, supplemented by several 
specimens from Malaysia. However, these tapeworms differed from the 
actual B. serialis in a number of morphological characteristics such as the 
posterior extent of vitelline follicles, shape of the scolex, length of the neck, 
and the presence of a common genital atrium (see redescription of B. indica 
above). Until now, no tapeworms corresponding in their morphology to 
those described by Bovien (1926) have been found in India. It is, thus, 
possible that the distribution area of B. serialis is limited to Southeast Asia. 
Yamaguti (1959) misinterpreted structures of the cirrus area of "B. 
serialis" (= B. indica) as spines, which was then followed by some authors 
(Gupta, 1961; Murhar, 1963; Wardle et aI. , 1974). However, the cirrus is 
un spined, as evidenced by Mackiewicz (1963, 1972, 1981), Mackiewicz and 
Murhar (1972), and confirmed by the present authors. 
Djombang/a penetrans Bovien, 1926 
(Figs. 2G , H, 7, 11C, 0) 
Diagnosis ( based on whole mounts of 10 specimens, 8 slides of sagittal and 
cross-sections, and 4 specimens for SEM from West Bengal, India; 
measurements from the original description given in parentheses whereas 
metrical data on the holotype of D. indica made as part of this study appear 
in brackets): Body of gravid individuals bottle-shaped, i.e., narrow neck 
and expanded body with rounded posterior extremity, with numerous 
transverse grooves (Figs. 7A-C), 7- 10 mm (n = 5; 5- 10 mm [12 mm]) 
long, with maximum width 5 mm (3 mm [4 mm]) at anterior half of uterine 
region. Scolex large, bulbate, 0.8-1.5 mm [1.2 mmJ long by 1.1 - 2.1 mm 
[1.3 mmJ wide, separated from body proper by long, narrow neck 
(Figs. 2G, 7A), 250- 360 (600-800 [514]) wide. Scolex with spherical apical 
organ (described by Fuhrmann, 1931 as glandular) penetrating through 
host intestine (Fig. 7E). Inner longitudinal musculature formed by narrow 
band of numerous muscle fibers (Fig. 7F). Testes medullary, 78-127 in 
number (n = 3), almost spherical, 135- 188 X 126-150 (n = 20 [128- 147 X 
125- 141]), forming 2 fields lateral to uterine region. Anteriormost testes 
begin slightly anterior, at distance of 0.1-0.4 mm [0.2 mmJ, to anterior-
most vitelline follicles; testicular fields reach to ovary; pretesticular part of 
body represents about 1/4-1/3, i.e., 24- 37%, of total body length (n = 4). 
Cirrus-sac large, spherical , 393-440 X 340-371 (n = 4 [791 X 790]). Ovary 
follicular, dumbbell-shaped (Fig. 7D), 0.7-1.1 mm (n = 5 [1.5 mm]) wide, 
with arms 406-667 [569-559J long by 257-402 wide (n = 10; [446- 500]). 
Vagina short, sinuous (Fig. 7D). Seminal receptacle oval, 138-147 long by 
110- 113 wide, dorsal to ovarian isthmus (Fig. 7D). Preovarian vitelline 
follicles numerous, 108- 133 X 85-106 (n = 30; [106-117 X 92- 100]); 
anteriormost follicles begin 2.6-3.0 mm (n = 6; [3.9 mm]) from anterior 
extremity of scolex, extend up to posterior end of ovary; anterior part of 
body up to first vitelline follicle represents about 1/4-2/5, i.e., 27-41 %, of 
total body length (n = 4); some follicles may reach slightly posterolateral 
to ovary (Fig. 7 A) but group of postovarian vitelline follicles absent. 
Uterus forms numerous loops running anteriorly almost to level of first 
testes, then turning backwards to open into common genital atrium; 
uterine area 5.2-7.4 mm long. Eggs oval , operculate, smooth, and 
unembryonated in proximal (basal) part of uterus (Fig. II D) but covered 
with thick coat of short filaments and embryonated (with oncospheres 
containing embryonic hooks) in distal (terminal) part of uterus (Fig. II C), 
70-81 X 44-50 (n = 23; 62-75 X 30-40). Male and female genital pores 
separate, open into distinct genital atrium (corresponding to Fig. 5.24 of 
Mackiewicz, 1994) with transverse, slit-like opening (Fig. 7D). 
Taxonomic summary 
Synonyms: Djombangia indica Satpute and Agarwal, 1974; Djombangia 
caballeroi Sahay and Sahay, 1977; Djombangia ciariae Kundu, Bhatta-
charya and Datta, 1985. 
Type host: Clarias batrachus (Siluriformes: Clariidae). 
Additional host: Heteropneustes fossilis (Siluriformes: Heteropneusti-
dae). 
Type locality: Brantas River, Java, Indonesia. 
Distribution: Bangladesh, Indonesia (Java), India (Assam, Bihar, 
Chhattisgarh, Maharashtra, West Bengal). 
Type specimens: Natural History Museum, Geneva, Switzerland 
(MHNG INVE 36035). 
Material examined: Syntypes of Djombangia penetrans from C. 
batrachus, 4 slides with longitudinal sections (MHNG INVE 36035); 44 
specimens from C. batrachus, West Bengal, India: Rishra, v., vi., xi., xii . 
2007 and ii. 2008 - 30 spec. collected by A. Ash; Balurghat - 12 spec.; 
Siliguri - I spec.; Jhargram - I spec.; all collected by A. Ash, T. Scholz and 
P. K. Kar in March 2009; holotype of Djombangia indica from C. 
batrachus, India. 
Deposition of new specimens: IPCAS (C-54211), MHNG (INVE 70469), 
USNPC (103413). 
Remarks 
Specimens collected recently in West Bengal are identical with those 
described by Bovien (1926) as Djombangia penetrans and are considered 
con specific. This species was described from 20 specimens found in C. 
batrachus from the Brantas River in east Java, Indonesia. It is markedly 
different from all other caryophyllideans in its possession of a massive, 
expanded body (Figs.7A, B), narrow neck, and the bulbous scolex 
penetrating through the host intestine (Fig. 7E; see also Figs. 1-3 in 
Bovien, 1926 and Fig. 322 in Fuhrmann, 1931), the presence of an apical 
organ (Figs. 7A, B, E; see also Fig. 323 in Fuhrmann, 1931; Bovien, 1926 
misidentified this organ as a small, circular sucker-see Fig. 3 in his paper, 
similarly as did Satpute and Agarwal, 1974, Fig. I), and the course of the 
uterus, which is almost entirely situated anterior to the genital pores 
(Fig. 7B; Fig. 4 in Bovien, 1926) and occupies most of the internal space 
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FIGURE 7. Djombangia penetrans Bovien, 1926. (A) Total view with the anterior- and posterionTIost testes and vitelline follicles (* = not illustrated in-
between), ventral view; note an apical organ. (B) Total view of immature specimen with vitelline follicles not yet developed, dorsally; note an apical organ. (C) 
Sagittal section of the syntype (MHNG INVE 36035) at the level of the uterus; scolex not present. (D) Ovarian region, ventral view; note a well-developed seminal 
receptacle dorsal to the ovarian isthmus and a large, slit-like opening of the common genital atrium. (E) Sagittal section of the syntype (MHNG INVE 36035) at 
the level of posterior testes; note cortical vitelline follicles, the scolex penetrating throughout the intestinal wall of the host, and a glandular apical organ. (F) Cross-
section at the level of the ovary; note the presence of vitelline follicles at the level of ovarian anTIs. Abbreviations: ao = apical organ; iw = intestinal wall of the host. 
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medially up to the anterior fourth or fifth of the body (Figs. 7A, C; Fig. 5 
in Bovien, 1926). 
Until now, 3 other species of Djombangia have been described from 
clariid and heteropneustid catfishes in India, namely Djombangia indica 
Satpute and Agarwal, 1974 from C. batrachus, most probably from 
Raipur, Madhya Pradesh (now Chhattisgarh); Djombangia caballeroi 
Sahay and Sahay, 1977 from Heteropneustes fossilis (Heteropneustidae) 
from Ranchi (Chotanagpur), Bihar; and Djombangia clariae Kundu, 
Bhattacharya and Datta, 1985 from C. batrachus from MaIda, West 
Bengal (Satpute and Agarwal, 1974; Sahay and Sahay, 1977; Satpute and 
Agarwal, 1980b; Kundu et aI., 1985). 
Mackiewicz (1981) questioned validity of the 2 species, namely D. 
caballeroi and D. indica, whereas Agarwal (1985) advocated that both taxa 
are valid. In contrast, Hafeezullah (1986, 1993) synonymized all Indian 
taxa, including the most recently erected D. clariae, with D. penetrans. In 
the present study, the synonymies proposed by Hafeezullah (1993) are 
considered to be well justified and correct because all the characteristics 
used by the Indian authors (Satpute and Agarwal, 1974; Sahayand Sahay, 
1977; Satpute and Agarwal, 1980b; Kundu et aI., 1985) to differentiate 
their species from D. penetrans are questionable or unreliable, as already 
discussed by Mackiewicz (1981) and Hafeezullah (1986, 1993). 
In addition, examination of the holotype of D. indica (type specimens of 
the other 2 species are not known to exist), and its comparison with the 
holotype of D. penetrans and the present material, confirmed conspeci-
ficity of both taxa. In fact, no morphological differences exist between 
them and the characteristics used by Satpute and Agarwal (1974) to 
distinguish D. indica from D. penetrans are unreliable: (1) the neck of both 
species is, in fact, identical in its length (see also Fig. 1 in Satpute and 
Agarwal, 1974 and Fig. 4 in Bovien, 1926); (2) a seminal receptacle was 
not reported for D. indica because its holotype is an immature worm and, 
thus, this structure is not yet developed; and (3) the eggs of D. penetrans 
are also smooth and unspined in the proximal (basal) part of the uterus 
(Fig. lID), as are those of D. indica described by Satpute and Agarwal 
(1974). 
Djombangia penetrans is so unique in its morphology (shape of the 
body, distribution of internal organs, especially the course of the uterus, 
and the presence of an apical organ) and the way of attachment within the 
host intestine that it cannot be confused with any other caryophyllidean. 
The prevalence of infection in West Bengal was 20%, whereas mean 
intensity was rather low (3.4; range 1-8), which may be related to the 
pathogenic effect of the worm, the scolex of which penetrates through the 
intestinal wall in its fish host (Bovien, 1926; Satpute and Agarwal, 1974). 
Even though D. penetrans is not a very abundant parasite of clariid and 
heteropneustid catfishes, it is widely distributed because it has been 
recorded from a large area that includes several states of northeastern 
India, Bangladesh, and Indonesia (east Java). 
Lucknow;a m;crocephala (Bovien, 1926) n. comb. 
(Figs. 1 D, 21, J, 8, 11 E) 
Diagnosis (based on whole mount of 1 complete and 7 incomplete 
specimens, 5 slides of sagittal and cross-sections, and 3 specimens for SEM 
from West Negal, India; measurements of Bovien, 1926 are in parentheses): 
Body very long and slender (Fig. ID), up to 60 mm (n = I; 22 mm) long, 
with maximum width 1.8 mm (2.5 mm) at level of cirrus-sac, tapering 
gradually from posterior region (Fig. ID). Scolex long, lanceolate 
(Figs. 21, J, 8A), 414-624 (n = 4) wide, slightly wider than long neck 
(Figs. 8A, B). Inner longitudinal musculature very well developed, formed 
by 1 irregular band of diffused muscle fibers, intermingled with thick-
walled excretory canals (Figs. 8F, G). Testes medullary, 425 in number (n 
= 1; precise number very difficult to count because numerous vitelline 
follicles form a compact field, filling the cortex and overlapping testes), 
almost spherical, 73-196 X 69-149 (n = 21); position of anteriormost 
testes variable, from just little (0.1 mm) to quite far (4.0 mm) posterior to 
most anterior vitelline follicles; testicular field reaches to vas deferens, 
rarely with 1 or 2 testes alongside anterior half of cirrus-sac (Fig. 8D); 
pretesticular region represents about 113, i.e., 40% (n = 1) of body length. 
Cirrus-sac large, oval, 513-711 X 340-530, its width represents 29-41 % of 
width of body. Ovary follicular, close to posterior extremity (Figs. ID, 
8D, E), H-shaped with posterior arms bent inwards or inverted A-shaped 
with posterior arms connected (Fig. 8E), 0.7-1.6 mm in width; arms 1.6-
2.7 mm long by 203-560 wide (n = 14). Vagina slightly sinuous (Fig. 8D). 
Seminal receptacle oblong, 142-175 X 76-91 (n = 6), dorsal to ovarian 
isthmus (Figs. 8D, E). Vitelline follicles numerous, 48-121 X 40-84 (n = 
21), mostly cortical (penetrating between inner longitudinal muscles, some 
even medullary; Figs. 8C, F); anteriormost follicles begin 11.6-20.0 mm 
from anterior extremity of scolex (Fig. ID), extend up to 113 anterior part 
of uterus; previtellarian part represents 1/3, i.e., 33% (n = 1) of total 
length of body. Postovarian vitelline follicles absent. Uterus forms many 
loops between ovary and posterior margin of cirrus-sac; preovarian part 
surrounded by numerous glands (Figs. 8D, E); uterine area long, 2.0-
3.4 mm (4 mm; Fig. 8D). Eggs oval, unembryonated, operculate, 38-42 X 
29-33 (n = 30; 34-37 X 20-24) (Fig. lIE). Male and female genital pores 
separate, open to shallow genital atrium (corresponding to Fig. 5.23 of 
Mackiewicz, 1994) (Fig. 8D). 
Taxonomic summary 
Synonyms: Caryophyllaeus microcephalus Bovien, 1926; Caryophyllaeus 
acutus Bovien, 1926; Clariocestus indicus Murhar, 1972 (nomen nudum); 
Lytocestus lativitellarium Furtado and Kim-Low, 1973; Lytocestus 
assamensis Tandon, Chakravaraty and Das, 2005; Pseudoheteroinverta 
lovepuriensis Srivastav and Sahu, 2006. 
Type host: Clarias batrachus (Siluriformes: Clariidae). 
Additional hosts: Clarias gariepinus, Macrones nigriceps (syn. of Mystus 
cavasius [Hamilton], but probably misidentification of Mystus albolineatus 
Roberts or Mystus singaringan [Bleeker]-see Froese and Pauly, 2010). 
Type locality: Djombang, Java, Indonesia. 
Distribution: Cambodia (new geographical record), India (Assam, Uttar 
Pradesh, West Bengal), Indonesia (Java), Malaysia. 
Type material: Does not exist. 
Material examined: Two specimens from C. batrachus, India, collected 
by B. M. Murhar and identified as Clariocestus indicus n. gen. n. sp. (all 
from J. S. Mackiewicz's collection, now deposited as IPCAS C-569 and 
USNPC 104239); 20 spec. from C. batrachus, West Bengal, India (Rishra, 
iv. 2008 - 1 spec.; Balurghat, x. 2007 - 12 spec.; Malbazar, iii. 2008 - 1 
spec., collected by A. Ash; MaIda, 4 spec.; Siliguri, I spec.; Jhargram, 1 
spec., all collected in March 2009 by A. Ash, T. Scholz and P. K. Kar); 2 
spec. from Clarias gariepinus, Java, Indonesia (collected by R. Kuchta and 
M. Riha in March 2008); 3 spec. from C. batrachus, Siem Reap, Cambodia 
(collected by T. Scholz in October 2010). 
Deposition of new specimens: BMNH (2010.8.10.9), IPCAS (C-569), 
MHNG (INVE 72937 and 72938), USNPC (103411 and 103412). 
Remarks 
Tapeworms found in C. batrachus from India and Cambodia, and in C. 
gariepinus from Indonesia, are indistinguishable from 2 species described 
by Bovien (1926) from C. batrachus from east Java, Indonesia, namely 
Caryophyllaeus microcephalus Bovien, 1926 and Caryophyllaeus acutus 
Bovien, 1926. All worms are characterized by the possession of a long 
body with a long neck, just slightly narrower than a scolex, the ovary 
situated very near the posterior extremity, with the posterior arms bent 
inwards or inverted A-shaped, a long uterine region, numerous vitelline 
follicles not reaching posteriorly to the anterior arms of the ovary, testes 
markedly larger (up to 3 times) than vitelline follicles, a well-developed 
longitudinal musculature formed by large bundles of muscle fibers, small-
sized eggs (about 40 !J,m long), and an oblong seminal receptacle situated 
dorsal to the ovarian isthmus. 
Conspecificity of C. microcephalus and C. acutus was even admitted by 
Bovien (1926) who wrote, "It is not impossible that the 2 species might 
prove to be identical," and actually did not provide any differential 
diagnosis of these taxa, just writing "c. acutus and C. microcephalus are 
closely related." In fact, C. microcephalus was a contracted specimen (see 
Fig. 19 in Bovien, 1926), whereas C. acutus was more elongated (Fig. 20), 
but both taxa are considered to be conspecific. Since the description of C. 
microcephalus appeared before that of C. acutus, the former species has 
priority and the latter one becomes its junior synonym. 
Both of Bovien's (1926) taxa were ignored by subsequent authors or 
were kept in Caryophyllaeus Gmelin, 1790 (see Schmidt, 1986). However, 
it is obvious that they cannot be placed in this genus, which is typified, 
among other factors, by the presence of postovarian vitelline follicles, a 
compact ovary, shape of the scolex (flabellate or cuneicrispitate), and 
medullary position of vitelline follicles; species of this genus occur in 
cyprinid fish in the Palaearctic Region (Yamaguti, 1959; Mackiewicz, 
1972; Protasova et aI., 1990; Mackiewicz, 1994; Oros et aI., 2010). 
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FIGURE 8. Lucknowia microcephala (Bovien, 1926) (A) Anterior part of the body with the first testes and vitelline follicles. (D) Scolex; note dense 
network of excretory canals. (C) Sagittal section of the region anterior to the cirrus-sac; note some vitelline follicles in the medulla. (D) Posterior part of 
the body, ventral view; note H-shaped ovary with posterior arms bent inwards and long uterine region. (E) A-shaped ovary, ventral view. (F) Cross-
section at the level of testes; note penetration of cortical vitelline follicles into inner longitudinal musculature and presence of some vitelline follicles in the 
medulla. (G) Cross-section at the level of ovary; note very wide excretory canals. Abbreviations: e = egg; ec = excretory canal; ilm = inner longitudinal 
musculature; cvf = cortical vitelline follicle; mvf = medulary vitelline follicle; ov = ovary; sr = seminal receptacle. 
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In the morphology of the posterior part of the body, C. microcephalus 
closely resembles Lucknowia fossilisi Gupta, 1961 and Crescentovitus 
bi/oculus Murhar, 1963, both described from another catfish, Hetero-
pneustes fossi/is, from the Brahmaputra River in Gauhati, Assam and 
Nagpur, Maharashtra in India. The description of L. fossilisi contained 
serious errors, as already noted by Mackiewicz (1981, 1994), i.e., ovarian 
follicles were considered to represent postovarian vitelline follicles, eggs do 
not possess any filaments on their surface, and vitelline follicles are not 
limited to the lateral sides but are circumcortical. Nevertheless, all species 
share several morphological characteristics of taxonomic importance, such 
as the shape of the ovary and its position near the posterior extremity, and 
separate genital pores. In addition, Murhar (1963) also noticed a close 
resemblance of his species with Caryophyllaeus microcephalus in the 
unusual morphology of vitelline ducts in the posterior part of the body 
(Murhar, 1963) and reported a unique feature of C. bi/oculus, i.e., the 
presence of some vitelline follicles in the medulla, which has been observed 
in C. microcephalus. 
Hafeezullah (1993) and Mackiewicz (1994) invalidated Lucknowia Gupta, 
1961, because they transferred its type species to Lytocestus Cohn, 1908. 
However, this synonymy does not seem to be well justified because both 
genera differ from each other in the shape of the ovary and its position. 
Species of Lytocestus possess an H-shaped ovary, whereas those of 
Lucknowia have posterior arms bent inwards or the ovary is an inverted 
A-shaped (see Fig. 1 in Gupta, 1961; this author misinterpreted ovarian 
follicles as vitelline follicles, as revealed by Mackiewicz, 1981, who studied 
Gupta's specimens). The ovary in the former genus is situated at a distance 
from the posterior end ofthe body, whereas it almost reaches to the posterior 
extremity in Lucknowia. Consequently, Lucknowia is resurrected here. 
Mackiewicz (1994) retained Crescentovitus as a valid genus, but its type, 
and only species, C. bi/oculus (incorrectly reported by Murhar, 1963 to 
possess a terminal introvert and 2 loculi-see Mackiewicz, 1981), is 
remarkably similar to L. fossilisi in several characteristics: the species have 
an almost identical scolex (see Figs. 2-4 in Gupta, 1961 and Fig. 1 in 
Murhar, 1963), a similar shape of the ovary situated near the posterior 
extremity, and vitelline follicles reaching to the anterior margin of the 
ovary. Therefore, L. fossilisi, the description of which was based on an 
apparently contracted specimen, is considered to be conspecific with C. 
biloculus, which would imply invalidation of Crescentovitus as a junior 
synonym of Lucknowia. Based on a similar morphology of the posterior 
end of the body and the extraordinary position of vitelline follicles in 
relation to the inner longitudinal musculature, C. microcephalus is newly 
transferred to Lucknowia as L. microcephala n. comb. 
The species of Lucknowia, i.e., L. fossilisi (syn. Crescentovitus bi/oculus) 
and L. microcephala, differ from each other by the morphology of the 
scolex, which is short, rounded, and usually narrower than a wide-and-
short neck in L. fossilisi whereas it is long, lanceolate, and wider than a 
very long, narrow neck in L. microcephala (Fig. 8A), and by the posterior 
extent of vitelline follicles, which usually reach to the anterior margin of 
the ovary in L. fossilisi but end at a distance from the ovary in most 
specimens of L. microcephala. 
Furtado and Kim-Low (1973) described Lytocestus lativitellarium from 
C. batrachus from Malaysia, but this species is indistinguishable from L. 
microcephala in its morphology because the species share an almost 
identical shape of the robust, long body, a similar scolex, long neck, and 
similar position of the ovary and vitelline follicles, which penetrate 
between the inner longitudinal musculature. Therefore, L. lativitellarium is 
newly synonymized with L. microcephala. 
Tandon et al. (2005) and Srivastav and Sahu (2006) described Lytocestus 
assamensis and Pseudoheteroinverta lovepuriensis, respectively, from C. 
batrachus in India. Both species are indistinguishable from L. microcephala 
because they possess a large, elongate body with a long neck, an inverted A-
shaped ovary situated very near from the posterior extremity, a long uterine 
region, vitelline follicles reaching posteriorly just to the anterior third of the 
uterine region, numerous testes, and vitelline follicles in both the cortex and 
medulla (reported for P. lovepuriensis). Consequently, both species are 
synonymized with L. microcephala. 
Murhar (1972) proposed a new species, Clariocestus indicus, which is 
perfectly matched with L. microcephala (see plates 33 and 34 of Murhar, 
1972). He also erected a new genus, Clariocestus, and a new family, 
Clariocestidae, to accommodate this species, The family was based on the 
presence of vitelline follicles, most of them being cortical, also in the 
medulla. However, descriptions of these taxa have never been published 
and thus all taxa, including C. indicus, are nomina nuda. 
Lucknowia microcephala is a widely distributed parasite of C. batrachus 
which has been reported from India, Indonesia, and recently from 
Cambodia, but it occurs rather infrequently. In West Bengal, it was the 
rarest caryophyllidean cestode parasitic in C. batrachus, with a prevalence 
of II % and a mean intensity of 2.5 (range 1-4). 
Lytocestus indicus (Moghe, 1925) Woodland, 1926 
(Figs. 1 E, 2K, L, 9, 11 F) 
Diagnosis (based on 8 whole-mounted specimens, 4 slides of sagittal and 
cross-sections, and 5 specimens for SEM from West Bengal, India; original 
measurements of L. indicus by Moghe, 1925 and 1931 are in parentheses): 
Body of gravid individuals 10-22 rom (n = 8; 15-29 mm) long, robust, 
with maximum width 2.2 mm (n = 8; 1.8-2.7 mm) at level a little anterior 
to cirrus-sac, decreasing in width from both posterior and anterior region. 
Scolex robust, lanceolate or digitiform, with rounded anterior end, 1.2-
2.2 mm long and 0.5-1.1 mm wide. Scolex separated from body by short 
neck, 425-819 wide (Figs. 9A, B). Outer and inner longitudinal muscles 
well developed, consisting of small bundles of muscle fibers (Fig. 9F). 
Excretory canals narrow, thick-walled (Fig. 9G). Testes medullary, 310-
520 in number (n = 4; precise number very difficult to count because 
numerous vitelline follicles form compact field, filling cortex and 
overlapping testes), almost spherical, 86--205 X 69-198 (n = 24; 119 X 
95); anteriormost testes begin posterior (0.6-2.4 mm) to anteriormost 
vitelline follicles; testicular field reaches posteriorly to anterior margin or 
up to median region of cirrus-sac; anterior part of body up to first testes 
represents about 1/3, i.e., 28-36% (n = 5), of total body length. Cirrus-sac 
large, spherical or oval in shape, 377-685 X 303-584, representing 27-37% 
of body width (Figs. 9C, D). Ovary follicular, dumbbell- or butterfly-
shaped (Figs. IE, 9C, G), 0.5-1.2 mm wide, arms 212-781 long and 146-
475 wide (n = 16). Vagina tubular, slightly sinuous (Fig. 9C). Seminal 
receptacle absent. Vitelline follicles preovarian, numerous, 47-155 X 45-
129 (n = 24; 88-112 X 77-88); anteriormost follicles begin 2.4--3.7 mm (n 
= 5) from anterior extremity, extend up to posterior extremity of cirrus-
sac; anterior part of body up to vitelline follicles represents about 1/5-1/4, 
i.e., 19-26% (n = 5), of total length of body; postovarian vitelline follicles 
absent. Uterus forms many loops between ovary and posterior margin of 
cirrus-sac; preovarian part surrounded by numerous glands; uterine area 
1.0-2.4 rom long. Eggs oval, operculate, unembryonated, 63-67 X 44-47 
(n = 23; 80 X 40) (Fig. II F). Male and female genital pores separate, 
opening to shallow genital atrium (corresponding to Fig. 5.23 of 
Mackiewicz, 1994) (Fig. 9E). 
Taxonomic summary 
Synonyms: Caryophyllaeus indicus Moghe, 1925; Caryophyllaeus java-
nicus Bovien, 1926; Caryophyllaeus oxycephalus Bovien, 1926; Pseudoly-
tocestus clariae Gupta, 1961; 1ntrovertus chauhani Pandey and Tiwari, 
1989; Pseudolytocestus thapari Gupta and Parmar, 1990; Lytocestus alii 
Jadhav and Gavahne, 1991; Lytocestus clariasae Jadhav and Gavahne, 
1991; Lytocestoides clariasae Hiware, 1999; Lytocestus chalisgaonensis 
Kalse and Shinde, 1999; Lytocestus kopardaensis Shinde and Borde, 1999; 
Lytocestus naldurgensis Kadam, Hiware and Jadhav, 1999; Lytocestus 
teranaensis Kolpuke, Shinde and Begum, 1999; Lytocestoides ajanthii 
Hiware, 2000; Lytocestus batrachusae Shinde and Pawar, 2002; Lytocestus 
clariasae Pawar and Shinde, 2002 (homonym of L. clariasae Jadhav and 
Gavahne, 1991); Lytocestus govindae Patil and Jadhav, 2002; Pseudobi-
lobulata batrachus Srivastav and Lohia, 2002; Lytocestus nagapurensis 
Lakhe, Pawar, Shinde and Pati!, 2004; Lytocestus shindae Khadap, Jadhav 
and Suryawanshi, 2004; Lytocestus paithanensis Shelke, 2007; Lytocestus 
punensis Jadhav, Bhure and Padwal, 2008; Lytocestus subhapradhi 
Jawalikar, Pawar and Shinde, 2008; Lytocestus murhari Kaul, Kalse and 
Suryawanshi, 2010; Lytocestus shindei Suryawanshi, Maske, Shinde and 
Bhagwan, 2010: Pseudobatrachus kenensis Srivastav, Singh and Khare, 
2010. 
Type host: Clarias batrachus (Siluriformes: Clariidae). 
Additional host: Clarias macrocephalus (Siluriformes: Clariidae). 
Type locality: Nagpur, Maharashtra, India. 
Distribution: Bangladesh, India (Assam, Bihar, Chhattisgarh, Maha-
rashtra, Uttar Pradesh, West Bengal), Indonesia (Java), Thailand (new 
geographical record). 
Type material: Not known to exist. 
Material examined: Holotype of Caryophyllaeus javanicus Bovien, 1926 
from C. batrachus, Java, Indonesia (MHNG INVE 60963); 8 specimens 
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FIGURE 9. Lytocestus indicus (Moghe, 1925). (A, B) Anterior part of the body with the first vitelline follicles and testes. (C) Posterior part of the body, 
ventral view. (D, E) Region of gonopores, ventral view; note variation in the posterior extent of vitelline follicles in relation to the cirrus-sac. (F) Cross-
section at the level of the testicular region. (G) Ovary, ventral view; note the shape of the ovary and the absence of a seminal receptacle. Abbreviation: 
cga = common genital atrium. 
from C. batrachus, India, collected by B. M. Murhar (including 1 from 
Nagpur, Maharastra) (all from J. S. Mackiewicz's collection, now 
deposited as HWML 49512 and 495l3, IPCAS C-541, and USNPC 
104237 and lO4238); 327 specimens from C. batrachus, Uttar Pradesh 
(Lucknow, vi. 2007 - 11 spec.; collected by A. Ash) and West Bengal 
(Rishra, v.-vii., xi., xii. 2007 and ii.-iv. 2008 - 189 spec., Rajabhatkhawa, 
iii. 2008 - 11 spec.; collected by A. Ash; Howrah, iii. 2009 - 1 spec.; MaIda, 
iii. 2009 - 32 spec.; Balurghat, x., xii. 2007 and iii. 2009 - 79 spec.; Siliguri, 
iii. 2009 - 1 spec.; Jhargram, iii. 2009 - 3 spec.; all collected by A. Ash, T. 
Scholz and P. K. Kar), India. 
Deposition of specimens: BMNH (20lO.8.10.11), IPCAS (C-539/l), 
MHNG (INVE 70461-70463), USNPC (lO3408-lO34lO). 
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Remarks 
This species was described, as Caryophyllaeus indicus, from C. batrachus 
from Nagpur in India by Moghe (1925). The original description was 
based on apparently deformed specimens that had been fixed under 
pressure, as obvious from Figures I and 2 in Moghe (1925). This author 
misinterpreted numerous follicles of the ovary as vitelline follicles and 
considered the ovarian isthmus to represent the entire ovary, but later 
corrected this error (Moghe, 1931). Woodland (1926) transferred the 
species to Lytocestus. 
Despite these deficiencies of the original description and the poor 
quality of the specimens studied by Moghe (1925), this species is markedly 
different from other caryophyllideans reported from C. batrachus and 
other catfish in Asia in several morphological characteristics such as a 
robust, large body, a dumbbell- or butterfly-shaped ovary with very short 
but wide lateral arms, a simple, robust lanceolate-to-digitiform scolex with 
rounded terminal end, a short neck region lacking vitelline follicles and 
testes, almost complete absence of vitelline follicles along the preovarian, a 
rather short part of the uterus, and absence of a seminal receptacle. In fact, 
L. indicus represents the first caryophyllidean cestode described from C. 
batrachus and, thus, has priority over many con specific taxa reported from 
this catfish (see below). 
Bovien (1926), apparently unaware of Moghe's (1925) description of 
Caryophyllaeus indicus (= Lytocestus indicus), described 2 undoubtedly 
con specific tapeworms from C. batrachus from the neighborhood of 
Djombang in lava. Whereas Caryophyllaeus javanicus Bovien, 1926 was 
described relatively well, including several illustrations (Figs. 9-14 in 
Bovien, 1926), Caryophyllaeus oxycephalus Bovien, 1926 was described 
very superficially and from only 1 contracted specimen, which apparently 
lacked the scolex (see Fig. 15 in Bovien, 1926). 
It has been observed in vivo by the present authors that L. indicus 
tapeworms are deeply and finnly attached to the intestinal mucosa of their 
fish hosts and their scolex can be easily broken off. These damaged worms 
have an actively moving, tapered anterior part of the body, which was 
apparently considered to represent the scolex of C. oxycephalus by Bovien 
(1926; see his Fig. 15), but also by Hiware (1999, 2000-see below). 
Therefore, C. oxycephalus is synonymized with L. indicus. Bovien (1926) 
actually admitted a close resemblance of C. oxycephalus with C. javanicus in 
all but 1 characteristic, i.e., the shape of the scolex. Examination of the 
holotype of C. javanicus has confirmed that it is identical with L. indicus and, 
thus, this species ofBovien (1926) is newly synonymized with the latter taxon. 
Gupta (1961) described Pseudocaryophyllaeus clariae from C. batrachus 
from the Brahmaputra River in Gauhati (Assam, India), but it is obvious that 
P. clariae is in fact L. indicus (see Figs. 6-8 in Gupta, 1961). This synonymy 
was already proposed by Hafeezullah (1993) and it is accepted here. 
After publication of the above-mentioned, relatively good descriptions 
of tapeworms identical with L. indicus, a large number of apparently 
conspecific taxa have been described (Shinde and Phad, 1986; Pandey and 
Tiwari, 1989; Gupta and Parmar, 1990). Hafeezullah (1993) already 
synonymized 3 of them, namely Lytocestus marathwadaensis Shinde and 
Phad, 1986, Introvertus chauhani Pandey and Tiwari, 1989, and 
Pseudolytocestus thapari Gupta and Parmar, 1990, with L. indicus. 
However, L. marathwadaensis is considered here to be a synonym of 
Pseudocaryophyllaeus ritai (see below). 
Twenty other species, listed under "Synonyms" above and which are 
newly synonymized with L. indicus, have been erected since Hafeezullah's 
(1993) critical account was published. Sixteen species belong to Lytocestus; 
a new genus was proposed for one, Pseudobilobulata batrachus Srivastav 
and Lohia, 2002, 1 species was placed in Pseudobatrachus Pathak and 
Srivastav, 2005, and 2 species were placed in Lytocestoides Baylis, 1928 
(Kadam et aI., 1999; Kalse and Shin de, 1999; Kolpuke et aI., 1999; Shinde 
and Borde, 1999; Patil and Jadhav, 2002; Pawar and Shinde, 2002; Shin de 
and Pawar, 2002; Srivastav and Lohia, 2002; Khadap et aI., 2004; Lakhe et 
aI., 2004; Shelke, 2007; ladhav et aI., 2008; lawalikar et aI., 2008; Kaul et 
aI., 2010; Srivastav et aI., 2010; Suryawanshi et aI., 2010). 
Most taxa were described from Maharashtra and based on decomposed 
or deformed specimens (some were without complete scolex such as those 
described as L. nagapurensis and L. punensis; see 1 adhav et aI., 2008). It is 
obvious from short, incomplete, and erroneous descriptions that the 
authors consistently mistook median vitelline follicles as testes and, thus, 
reported apparently erroneous numbers of testes, i.e., 700-750 "testes" for 
L. clariasae by 1 adhav and Gavahne (1991), 1,100-1,150 for L. 
nagapurensis by Lakhe et al. (2004), 1,200-1,250 for L. teranaensis by 
Kolpuke et ai. (1999), 1,425-1,475 for L. govindae by Patil and ladhav 
(2002), 1,500-1,600 for L. chalisgaonensis by Kalse and Shinde (1999), 
1,550-1,575 for L. paithanensis by Shelke (2007), 1,570-1,590 for L. shindei 
by Suryawanshi et al. (2010; this species was named after one of the 
authors, G. B. Shinde!), 1,600-1,700 for L. kopardaensis by Shinde and 
Borde (1999), and 3,800-4,000 for L. batrachusae by Shinde and Pawar 
(2002). The maximum number, i.e., as many as 5,800-6,000 testes, was 
reported for L. clariasae by Pawar and Shinde (2002), who ignored the 
existence of L. clariasae proposed by their co-workers from the same 
laboratory and proposed a new species with the identical name which, 
thus, becomes a homonym of L. clariasae ladhav and Gavahne, 1991. 
In addition, the above-mentioned authors considered darkly stained 
subtegumental cells to represent vitelline follicles and, thus, reported them 
to be limited to only a few rows (2-6 or even to only 1 row; Hiware, 2000; 
Pawar and Shinde, 2002) on the lateral sides of the body. Some of them 
reported vitelline follicles (in fact subtegumental cells) to reach the 
posterior extremity, thus forming the postovarian group of follicles 
(Hiware, 1999,2000; Kalse and Shinde, 1999; Lakhe et aI., 2004; lawalikar 
et aI., 2008). 
Unfortunately, no type specimens of any of the above-mentioned taxa 
have been deposited (B. ladhav, pers. comm.), which was confirmed by one 
of the authors (M.O.). However, there are no doubts that virtually all these 
taxa are conspecific with L. indicus because they possess the robust body of 
the same shape and an elongate scolex, tapered anteriorly with a rounded 
anterior end (not considering deformations caused by inappropriate 
processing), a dumbbell- or butterfly-shaped ovary with short and wide 
lateral arms, a short uterine area, and vitelline follicles reaching posteriorly 
only to the cirrus-sac, always missing alongside the uterine loops. Of these 
taxa, which are all newly synonymized with L. indicus (see the list of 
synonyms above), only 5 species warrant additional commentary. 
Hiware (1999, 2000) described very superficially 2 new species of 
Lytocestoides Baylis, 1928, a genus originally erected to accommodate L. 
tanganyikae from Alestes sp. (Characiformes: Alestidae) in Africa, namely 
Lytocestoides clariasae and L. ajanthii from C. batrachus from Auranga-
bad, India. Both species are almost indistinguishable from each other, and 
from L. indicus, because they possess a robust body with a butterfly-
shaped ovary with short and wide lobes. Anteriormost testes and vitelline 
follicles begin at a similar level and the uterine region is very short. It is 
obvious from very schematic illustrations of both species that the worms 
illustrated were deformed because they are asymmetrical and their anterior 
parts were most probably broken off (see remarks on Caryophyllaeus 
acutus Bovien, 1926 above). Srivastav et ai. (2010) very briefly described a 
new species of Pseudobatrachus Pathak and Srivastav, 2005, Pseudoba-
trachus kenensis, based on a single decomposed specimen (see Fig. 1 of 
Srivastav et aI., 2010), but this species is conspecific with L. indicus (see 
Figs. 2 and 3 of Srivastav et aI., 2010). 
Srivastav and Lohia (2002) erected a new genus, Pseudobilobulata, to 
accommodate Pseudobilobulata batrachus Srivastav and Lohia, 2002 from 
C. batrachus from lhansi (Uttar Pradesh), India. They placed the genus in 
the Capingentidae, the members of which are typified by the paramuscular 
position of vitelline follicles. However, vitelline follicles of P. batrachus 
were reported to be cortical, which implies that the species actually 
belongs to the Lytocestidae (see Mackiewicz, 1994). Therefore, differen-
tiation of the new genus from capingentid genera had no validity because 
of erroneous familial placement. The morphology of the type- and only 
species of Pseudobilobulata, P. batrachus, is identical to that of L. indicus 
(compare Figs. 1-3 in Srivastav and Lohia, 2002 with Fig. 9 in the present 
paper). Accordingly, P. batrachus becomes a junior synonym of L. indicus 
and Pseudobilobulata is invalidated as a synonym of Lytocestus. 
Kolpuke et ai. (1999) described Lytocestus teranaensis from another 
catfish, Wallago attu (Bloch and Schneider) (Siluriformes: Siluridae), 
which has not otherwise been reported to host any caryophyllidean 
cestode. The present authors examined 19 W. attu fish, including 4 
specimens from Aurangabad, i.e., near the type locality of L. teranaensis, 
but found no caryophyllideans. Lytocestus teranaensis is undoubtedly 
conspecific with L. indicus, with which it shares all morphological 
characteristics typical of the latter taxon (see above). Its finding in W. 
attu may represent an accidental infection via predation (postcyclic 
parasitism-see Odening, 1976). 
Evaluation of a large set of L. indicus specimens from India has revealed 
variation in the extent of vitelline follicles, which may start a short 
distance posterior to the neck region in some specimens (Fig. 9A) but 
relatively far posterior to the neck in others (Fig. 9B). Similarly, the 
posteriormost vitelline follicles exhibit continuous variation, with respect 
to position, because they can reach just to the level of the anterior margin 
of the cirrus sac (Fig. 9D)-to its posterior end (Fig. 9C) or up to the level 
of the female gonopore (Fig. 9E). Testes can also reach only to the 
anterior margin of the cirrus-sac (Fig. 9P) or slightly more posteriorly 
(Figs. 9C, E). Nevertheless, these differences are accounted for by 
intraspecific, individual variability (they were found in specimens from 
the same host and locality) and they may not justify consideration as 
separate species or even genera, which happened frequently during the last 
4 decades. 
Lytocestus indicus is firmly attached by its scolex, which is deeply 
embedded into the intestinal mucosa of the host, and it is the most 
frequent tapeworm of C. batrachus, with total prevalence during the 
present study in West Bengal (2007-2010) being 74% and mean intensity 
of 7 (range 1--42). 
Pseudocaryophyl/aeus ritai Gupta and Singh, 1983 
(Figs. 1F, 2M, N, 1OA-C, G-I, 11G) 
Diagnosis (based on 10 whole-mounted specimens, 4 slides of sagittal and 
cross-sections, and 4 specimens for SEM from West Bengal, India; 
measurements from Gupta and Singh, 1983 are in parentheses): Body of 
gravid individuals 12-25 mm (n = 10; 22-23 mm) long, slender, with 
maximum width 670 (1.1-1.4 mm - apparently in error due to flattening!) at 
level of cirrus-sac, tapering towards anterior end (Fig. IF). Scolex spatulate, 
truncated anteriorly, 1-1.5 mm long (1.5) and 432-814 (835-960) wide, with 
frilled anterior edge and many enlarged, conspicuously convoluted, readily 
visible excretory canals (Figs. 2M, N, lOA, B). Neck slender, 0.7-1.5 mm 
(3.4-5.2 mm apparently in error!) long by 110-167 wide. Inner longitudinal 
musculature formed by wide band of closely packed large bundles of muscle 
fibers (Fig. 101). Excretory canals well developed, external to longitudinal 
musculature. Testes medullary, estimated to number about 260-360 (n = 8; 
precise number impossible to count reliably because numerous vitelline 
follicles fill cortex and overlap testes), almost spherical, 76-155 x 65-136 (n 
= 30; 120 x 120-190 X 190); anteriormost testes begin well posterior, i.e., 
1.2--4.9 mm, to anteriormost vitelline follicles (Fig. lOB); testicular field 
reaches to anterior margin of cirrus-sac (Fig. IOC); pretesticular region 
represents about 112 of total body length, i.e., 45-60% (n = 8). Cirrus-sac 
large, widely oval, 270--450 X 223-325 (520 X 380), its width representing 
about 112, i.e., 44-54%, of width of body (Figs. IOC, G, H). Ovary 
follicular, H-shaped, 341-517 wide; arms 0.5-1.1 mm long by 94-245 wide 
(n = 20). Vagina tubular, slightly sinuous to almost straight (Figs. IOC, G, 
H). Seminal receptacle elongate, 73-167 X 35-132 (n = 9), situated anterior 
to ovarian isthmus (Fig. 10C). Vitelline follicles cortical (Fig. 101), 
numerous, 50-98 X 34-92 (n = 30; 120-140 X 70-100); anteriormost 
follicles begin 4.7-10.0 mm from anterior edge of scolex (Figs. lOA, B), 
extend posteriorly up to level of cirrus-sac (Fig. lOG) or slightly posteriorly 
(Figs. IOC, H); previtellarian region represents about 113, i.e., 29-39% (n = 
9), of total length of body. Postovarian vitelline follicles absent. Uterus 
forms several loops between ovary and posterior margin of cirrus-sac; 
preovarian loops lined with numerous glands; uterine area 1-1.8 mm long. 
Eggs oval, smooth, unembryonated, operculate (Fig. I1G), 55-59 X 34-39 
(n = 20; 40-50 X 30--40). Male and female genital pores separate 
(corresponding to Fig. 5.22 of Mackiewicz, 1994), sometimes opening to 
shallow genital atrium (corresponding to Fig. 5.23 of Mackiewicz, 1994). 
Taxonomic summary 
Synonyms: Pseudocaryophyllaeus lucknowensis Gupta and Sinha, 1984; 
Lytocestus marathwadaensis Shinde and Phad, 1986; Lytocestus birmanicus 
of Murhar (1972) and Chakravarty and Tandon (1989), nec of Lynsdale 
(1956): Pseudobatrachus moolchandrai Srivastav, Sahu and Khare, 2006. 
Type host: Rita rita (Hamilton, 1822) (Siluriformes: Bagridae) (most 
probably accidental host; see Remarks below). 
Additional hosts: Clarias batrachus (Clariidae), Heteropneustes fossilis 
(Heteropneustidae ). 
Type locality: River Gomati, Lucknow, Uttar Pradesh, India. 
Distribution: India (Uttar Pradesh, West Bengal). 
Type material: Allegedly deposited in the Prof. Thapar's Helmintholog-
ical Collection, Dilkusha, Lucknow, India, but unavailable upon request. 
Material examined: Four specimens from Clarias batrachus, India, 
collected by B. M. Murhar and identified as Lytocestus birmanicus (all 
from J. S. Mackiewicz's collection, now deposited as HWML 49517, 
IPCAS C-538, and USNPC 104244); 287 spec. from C. batrachus, West 
Bengal, India: Rishra, vi. and xi. 2007, iii.-iv. 2008 - 62 spec.; 
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Rajabhatkhawa, iii. 2008 - 10 spec.; Malbazar, iii. 2008 - 7 spec. (all 
collected by A. Ash); Balurghat, x. 2007, iii. 2009 - 113 spec.; Howrah, iii. 
2009 - 1 spec.; Maida, iii. 2009 - 44 spec.; Jhargram, iii. 2009 - 50 spec. (all 
collected by A. Ash, T. Scholz and P. K. Kar). 
Deposition of new specimens: BMNH (2010.8.10.7-8), IPCAS (C-538/1), 
MHNG (INVE 70456-70458), USNPC (103398-10407). 
Remarks 
Numerous specimens found in Clarias batrachus in West Bengal are 
identical in their morphology with Pseudocaryophyllaeus ritai. This species 
was described from the single worm found in the bagrid catfish Rita rita 
from the Gomati River in Lucknow, Uttar Pradesh (Gupta and Singh, 
1983). The original description was superficial and apparently based on a 
badly fixed, deformed specimen. In addition, Gupta and Singh (1983) 
misinterpreted ovarian follicles as pre- and postovarian vitelline follicles 
and, thus, the ovary was erroneously described to consist of just an 
ovarian isthmus, and the seminal receptacle was overlooked and 
incorrectly reported to be missing. 
Hafeezullah (1993) synonymized this species with Pseudocaryophyllaeus 
indica Gupta, 1961, but this synonymy is considered here to be erroneous. 
Hafeezullah (1993) did not recognize that there are, in fact, 2 
morphologically similar species, P. tenuicollis (Bovien, 1926) n. comb., 
with which P. indica is newly synonymized (see below), and P. ritai. Both 
species differ from one another in the posterior extent of vitelline follicles, 
i.e., missing in the preovarian region in P. ritai (Figs. IOC, G, H) but 
reaching to the ovary in C. tenuicollis (Fig. IOF), the shape of the scolex, 
which is more elongate and with more numerous enlarged, convoluted 
excretory canals in its middle part in P. ritai (Figs. 2M, N, lOA, B) versus 
a shorter and wider scolex, with fewer excretory canals in P. tenuicollis 
(Figs. 20, P, IOD, E), the length of the neck, i.e., the region between the 
scolex and the first vitelline follicles (considerably shorter in P. ritai, in 
which it represents about 113 of the total body length, whereas longer, 
about 112-length of the body size in P. tenuicollis; Figs. IF, G), and the 
number of testes (more than 250 in P. ritai versus fewer than 150 in P. 
tenuicollis). Consequently, P. ritai is resurrected as the oldest name 
available for Pseudocaryophyllaeus tapeworms characterized above. 
Two other caryophyllidean species of similar morphology, Pseudocar-
yophyllaeus lucknowensis Gupta and Sinha, 1984, described from Hetero-
pneustes fossilis from the Gomti River in Lucknow, Uttar Pradesh, India 
(Gupta and Sinha, 1984) and Lytocestus marathwadaensis Shinde and Phad, 
1986, were already invalidated by Hafeezullah (1993), who synonymized the 
former taxon with Pseudocaryophyllaeus indica Gupta, 1961 and the latter 
with Lytocestus indicus. However, this synonymy is not accepted here, even 
though neither ofthe 2 above-mentioned species is considered to be valid. In 
fact, the taxa are newly synonymized with P. ritai because they are 
morphologically indistinguishable from each other (compare Figs. 1-3 in 
Gupta and Singh, 1983 and Figs. 1-3 in Shinde and Phad, 1986 with Figs. 
IF, 2M, N, IOA-C, G, H in the present paper). Srivastav et a!. (2006) 
described Pseudobatrachus moolchandrai from C. batrachus, but this species 
is conspecific with P. ritai (see Figs. A-C of Srivastav et a!., 2006). 
Hafeezullah (1993) listed Lytocestus birmanicus Lynsdale, 1956 de-
scribed from C. batrachus from Burma (Myanmar) as a valid species and 
illustrated a specimen from the same fish host from Meghalaya, India, 
provided by V. Tandon (Fig. 27 in Hafeezullah, 1993). Similarly, Murhar 
(1972) reported tapeworms identified as L. birmanicus. However, these 
specimens differ from the actual L. birmanicus described by Lynsdale 
(1956) in the posterior extent of vitelline follicles (absent between the 
posterior end of the cirrus-sac and ovary, whereas reaching to the ovary in 
Lynsdale's material; see his Fig. lA) and length of the neck, which is 
markedly shorter in Tandon's specimen (see Fig. 27 in Hafeezullah, 1993) 
and also in Murhar's specimens (see plate 13 in Murhar, 1972) compared 
to Lynsdale's (1956) Lytocestus birmanicus. In fact, the specimens 
illustrated by Hafeezullah (1993) and Murhar (1972) are conspecific with 
P. ritai, whereas L. birmanicus is a synonym of P. tenuicollis (see below). 
In West Bengal, P. ritai was the second most-common species parasitic 
in C. batrachus, with an overall prevalence of 53% and a mean intensity of 
8.2 (range 1-26). 
Pseudocaryophyl/aeus tenuicollis (Bovien, 1926) n. comb. 
(Figs. 1G, 20, P, 10D-F, J, 11H) 
Diagnosis (based on 10 whole-mounted specimens, 10 slides of sagittal and 
cross-sections, and 3 specimens for SEM from West Bengal, India; 
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FIGURE 10. Pseudocaryophyllaeus ritai Gupta and Singh, 1983 (A-C, G-I) and Pseudocaryophyllaeus tenuicollis (Bovien, 1926) (D-F, J). (A, B, D, E) 
Anterior part of the body with the first vitelline follicles and testes (not present in A); note numerous enlarged, conspicuously convoluted excretory 
canals in the middle part of the scolex in A and B and a very long, slender neck in D and E. (C, F) Posterior parts of the body, ventral view; note a 
different posterior extent of vitelline follicles. (G, H) Preovarian regions, ventral view; note variation in the posterior extent of vitelline follicles in relation 
to the cirrus-sac. (I, J) Cross-sections at the level of testes; note presence of a wide band of large bundles of muscle fibers of the inner longitudinal 
musculature. Abbreviation: ilm = inner longitudinal musculature. 
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FIGURE II. Photomicrographs of eggs. (A) Bovienia indica. (B) B. raipurensis. (C) Djombangia penetrans; note ripe egg covered with thick coat of 
short filaments. (D) D. penetrans; note unripe egg with smooth surface. (E) Lucknowia microcephala; note operculum. (F) Lytocestus indicus. (G) 
Pseudocaryophyllaeus ritai; note operculum. (H) P. tenuicollis. Abbreviation: op = operculum. 
measurements of Bovien, 1926 are in parentheses): Body slender, 11-20 mm 
(n = 10; 9 mm) long, with maximum width 0.8 mm at level of cirrus-sac, 
tapering towards anterior end (Fig. IG). Scolex spatulate, from bulbous 
to oval in outline, truncated anteriorly, frilled at anterior edge (Figs. 20, 
P, 10D, E), 378-669 wide (600-700); a few enlarged, conspicuously 
convoluted excretory canals may be present in middle part (Fig. IOD). 
Neck long and slender (Figs. IG, 10D, E), 2.6-5.4 mm long by 76-142!lm 
wide. Inner longitudinal musculature formed by wide band of closely 
packed large bundles of muscle fibers (Fig. 10J). Excretory canals 
anastomosed, well developed, external to longitudinal musculature. Testes 
medullary, 100-140 in number (n = 10; precise number difficult to count 
because numerous vitelline follicles form compact field, filling cortex and 
overlapping testes), almost spherical, 77-178 X 70-159 (n = 30); 
anteriormost testes begin 1.0-2.3 mm posterior to anteriormost vitelline 
follicles; testicular field reaches to anterior margin of cirrus-sac; 
pretesticular part of body represents almost 112, i.e., 42-49% (n = 8), of 
total body length. Cirrus-sac large, spherical to subspherical, 202-399 X 
208-367, its width representing about 112, i.e., 43-55% (n = 8), of body 
width. Ovary follicular, H-shaped, 314-665 wide, with lateral arms 413-
856 long and 99-243 wide (n = 20). Vagina tubular, slightly sinuous 
(Fig. 10F). Seminal receptacle elongate, 81-181 X 53-145 in size (n = 10), 
anterior to ovarian isthmus (Fig. 10F). Vitelline follicles cortical 
(Fig. 10J), numerous, 47-127 X 41-114 (n = 30); anteriormost follicles 
begin 5.0-10.1 mm from anterior edge of scolex, extend up to ovarian 
arms (Fig. IOF); previtellarian part of body represents almost 112, i.e., 40-
52% (n = 10), of total body length; postovarian vitelline follicles absent 
(Fig. IOF). Uterus forms several loops between ovary and posterior 
margin of cirrus-sac; preovarian loops surrounded by uterine glands; 
uterine area 0.7-1.5 mm (1.7 mm) long. Eggs oval, smooth, unembryo-
nated, operculate (Fig. llH), 42-48 X 32-36 (n = 22; 40-45 x 27-30). 
Male and female genital pores separate (corresponding to Fig. 5.22 of 
Mackiewicz, 1994) (Fig. IOF), sometimes opening to shallow genital 
atrium (corresponding to Fig. 5.23 of Mackiewicz, 1994). 
Taxonomic summary 
Synonyms: Caryophyllaeus tenuicollis Bovien, 1926; Lytocestus birma-
nicus Lynsdale, 1956; Pseudocaryophyllaeus indica Gupta, 1961; Capin-
gentoides batrachii Gupta, 1961; Lytocestus parvulus Furtado 1963; 
Lytocestus moghei Murhar, 1972 (nomen nudum); Lytocestus longicollis 
Rama Devi, 1973; Pseudocaryophyllaeus mackiewiczi Gupta and Parmar, 
1984; Pseudobatrachus chandrai Pathak and Srivastav, 2005; Lytocestus 
bokaronensis Poonam, 2007; Lytocestus majumdari Poonam, 2007; 
Pseudobatrachus chhatrasalli Sahu, Srivastav and Bagel, 2009; Pseudocar-
yophyllaeus chandurensis Jaysingpure, 2009. 
Type host: Clarias batrachus (Siluriformes: Clariidae). 
Additional hosts: Heteropneustes fossilis (Heteropneustidae), Pangasio-
don hypophthalmus (Sauvage) (?), Pangasius conchophilus Roberts and 
Vidthayanon (?) (Pangasiidae). 
Type locality: Djombang, Java, Indonesia. 
Distribution: Burma (Myanmar), Bangladesh, India (Andhra Pradesh, 
Assam, Jharkhand, Maharashtra, Uttar Pradesh, West Bengal), Indonesia 
(Java), Philipppines, Vietnam. 
Material examined: Eight specimens collected by B. M. Murhar from C. 
batrachus, India, identified as Lytocestus moghei n. sp. (including I from 
Nagpur, Maharashtra) and 4 spec. collected by Rama Devi as Lytocestus 
longicollis (all from J. S. Mackiewicz's collection, now deposited as 
HWML 49514-49516, IPCAS C-541 and USNPC 104242 and 104243); 
149 spec. from C. batrachus, West Bengal, India: Rishra, v.-vi., xi.-xii. 
2007, ii.-iii. 2008 - 101 spec. collected by A. Ash; Balurghat, x., xii. 2007; 
iii. 2009 - 36 spec.; Howrah, iii. 2009 - I spec.; MaIda, iii. 2009 - 3 spec.; 
Jhargram, iii. 2009 - 8 spec., all collected by A. Ash, T. Scholz and P. K. 
Kar; holotype of Lytocestus birmanicus from C. batrachus, Burma (now 
Myanmar), BMNH 1998.10.22.35-36; holotype and paratype of Lytoces-
tus longicollis from C. batrachus, India, USNPC 72797. 
Deposition of new specimens: BMNH (2010.8.10.10), HWML (49305, 
49309 and 49313), IPCAS (C-5411I), MHNG (INVE 70459 and 70460), 
USNPC (103402-103406). 
Remarks 
This species was described by Bovien (1926) on the basis of 2 adult and 
10 immature worms found in C. batrachus from Djombang, Java, 
Indonesia. The author stated that, "the most remarkable features in this 
species are the long and thin neck and the head with its grooves and 
stringes," which perfectly fits into the morphology of the tapeworms 
recently found in India. Bovien (1926) also observed that, "The shape of 
the head varied much. It has numerous projections with thin, sharp 
edges," and 'The parasites are attached rather firmly in the intestinal wall, 
their heads penetrating into the mucosa, not, however, so deep as in the C. 
javanicus." (= syn. of L. indicus; see above). In vivo observations of 
tapeworms from India confirmed these data of Bovien (1926), who placed 
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his new species in Caryophyllaeus but did not provide any cross-sections to 
confirm placement of this species in the Caryophyllaeidae. 
All subsequent authors, including Hafeezullah (1993), ignored the 
existence of C. tenuicollis even though its morphological identity with 
many caryophyllidean cestodes described mainly from India was obvious 
(see Fig. 17 in Bovien, 1926 and illustrations of the taxa discussed below). 
In 1956, Lynsdale described Lytocestus birmanicus from cestodes found 
in C. batrachus from Rangoon in Burma (now Myanmar). The author 
apparently did not consider any of Bovien's taxa found in the same fish 
host and compared his new taxon only with Lytocestus indicus. In fact, L. 
birmanicus is identical with C. tenuicollis, as indicated from comparison of 
brief morphological descriptions of these species and their illustrations 
(compare Fig. 17 in Bovien, 1926 with Fig. I in Lynsdale, 1956). 
Conspecificity of both taxa was also confirmed by a study of the holotype 
of L. birmanicus. 
Gupta (1961) described 2 species of caryophyllidean cestodes from C. 
batrachus and proposed 2 new genera to accommodate them, namely 
Pseudocaryophyllaeus Gupta, 1961 for P. indica Gupta, 1961 and 
Capingentoides Gupta, 1961 for C. batrachii Gupta, 1961. Gupta (1961) 
misinterpreted ovarian follicles as vitelline follicles and differentiated the 
latter genus by the presence of postovarian vitelline follicles (missing in C. 
batrachii; see also Mackiewicz, 1994). Invalidity of Capingentoides is 
unquestionable as is conspecificity of both Gupta's species (compare Figs. 
9-12 with 13-16 in Gupta, 1961), which has been corroborated by 
Hafeezullah (1993) and Mackiewicz (1994). 
Gupta (1961) reported vitelline follicles of P. indica to be paramuscular 
(see cross-section in his Fig. 12), but it was questioned by subsequent 
authors. Mackiewicz (1981), who re-examined specimens of Gupta (1961), 
claimed that vitelline follicles were most probably medullary, which would 
place P. indica in the Caryophyllaeidae. However, this observation was 
not correct (J. S. Mackiewicz, pers. comm.). In contrast, Agarwal (1985), 
who also examined cross-sections of this species, found vitelline follicles to 
be cortical, as is typical of species of the Lytocestidae. The present study 
has shown that tapeworms apparently conspecific with P. indica have, in 
fact, vitelline follicles localized in the cortex (Fig. IOJ), which confirms the 
observation of Agarwal (1985). Accordingly, Pseudocaryophyllaeus is 
placed in the Lytocestidae, like all other caryophyllidean tapeworms found 
in C. batrachus. 
Gupta (1961) was aware of papers by Bovien (1926) and Lynsdale 
(1956) because he cited them in the text, but he did not consider all taxa 
described by these authors. Pseudocaryophyllaeus indica and C. batrachii 
are regarded here to be identical in their morphology with C. tenuicollis. 
There are apparent mistakes in Gupta's description, such as the alleged 
absence of a seminal receptacle (though figured in C. batrachiz), and the 
presence of non-operculate eggs (an operculum is present on the eggs of all 
Indian caryophyllideans), so that his taxonomy must be viewed with 
substantial doubt. Based on priority, Bovien's taxon, i.e., Caryophyllaeus 
tenuicollis, is the oldest available name, but its generic designation was 
incorrect. 
Species of Caryophyllaeus do not occur in the Indomalayan zoogeo-
graphical region (Mackiewicz, 1994), and their morphology differs 
markedly from that of species described by Bovien (1926) in several 
characteristics such as the presence of postovarian vitelline follicles, non-
follicullar ovary, and shape of the scolex (Protasova et aI., 1990; 
Mackiewicz, 1994; Oros et aI., 2010). Accordingly, Bovien's (1926) species 
should be placed in a separate genus. The first available generic name is 
Pseudocaryophyllaeus and, thus, Pseudocaryophyllaeus tenuicollis (Bovien, 
1926) n. comb. becomes a new type species of the genus because of 
synonymy of Pseudocaryophyllaeus indica Gupta, 1961 with this taxon 
described earlier. 
After Gupta's (1961) paper appeared, several caryophyllideans indis-
tinguishable from P. tenuicollis have been described, namely Lytocestus 
parvulus Furtado 1963, Lytocestus longicollis Rama Devi, 1973, Pseudo-
caryophyllaeus mackiewiczi Gupta and Parmar, 1984, Pseudobatrachus 
chandrai Pathak and Srivastav, 2005, Lytocestus bokaronensis Poonam, 
2007, Lytocestus majumdari Poonam, 2007, and Pseudocaryophyllaeus 
chandurensis Jaysingpure, 2009 (Furtado, 1963; Rama Devi, 1973; Gupta 
and Parmar, 1984; Pathak and Srivastav, 2005; Pooman, 2007a, 2007b; 
Jaysingpure, 2009). Conspecificity of all the above-listed species described 
from C. batrachus from India with P. tenuicollis is evident on the basis of a 
critical examination of literary data and comparison with the present 
material. Accordingly, the 7 species listed above are considered to be 
junior synonyms of P. tenuicollis. 
Pathak and Srivastav (2005) erected Pseudobatrachus to accommodate 
their new species Pseudobatrachus chandrai. The genus was differentiated 
from Pseudocaryophyllaeus by 5 characteristics, but all were incorrect or 
unreliable (remarks of the present authors in brackets): "From Pseudocar-
yophyllaeus Gupta, 1961 it differs in having scolex with groove [present also 
in the latter genus], lesser number of testes (5-10, which is an error based on 
Fig. 2 in Pathak and Srivastav, 2005), H-shaped ovary [present also in 
Pseudocaryophyllaeus], absence of internal seminal vesicle [actually absent 
in both genera], and presence of operculate eggs [all known caryophyllidean 
species have operculate eggs]." This implies that Pseudobatrachus becomes 
invalid as a junior synonym of Pseudocaryophyllaeus. In addition, the type-
and only species, P. chandrai, is apparently conspecific with Pseudo car-
yophyllaeus tenuicollis, as evident from its original description (see also Figs. 
1-5 in Pathak and Srivastav, 2005). 
Similar to the previous taxa, both species of Poonam (2007a, 2007b), 
namely Lytocestus bokaronensis and L. majumdori found in C. batrachus 
from Bokaro, India, are also synonymized with P. tenuicollis because they 
possess all morphological characteristics typical of P. tenuicollis (see 
above). It is also evident from illustrations in Poonam (2007a, 2007b) that 
L. majumdari was described from unnaturally relaxed, already decom-
posed specimens (see Fig. 2 in Poonam, 2007a), whereas the description of 
L. bokaronensis was based on an extremely contracted specimen (Figs. I 
and 2 in Poonam, 2007b). Type specimens of these 2 species were 
supposedly deposited in the Department of Zoology of the Vinoba Bhawe 
University in Hazaribag, India. However, we could not verify this fact; our 
request for specimens was not honored. 
Pseudocaryophyllaeus chandurensis described by Jaysingpure (2009) is 
also synonymized with P. tenuicollis because they share the same species 
specific characters (see Fig. I in Jaysingpure, 2009). Sahu et al. (2009) 
described Pseudobatrachus chhatrasalli, which is indistinguishable from 
Pseudocaryophyllaeus tenuicollis (see Fig. I in Sahu et aI., 2009), with which 
it is newly synonymized. Murhar (1972) proposed a new species, Lytocestus 
moghei, which perfectly matched with P. tenuicollis and which is confirmed 
by study of his specimens. In addition, description of the former species has 
never been published and, thus, L. moghei is a nomen nudum. 
Pseudocaryophyllaeus tenuicollis is a widely distributed parasite of C. 
batrachus which may also occur rarely in another catfish, Heteropneustes 
fossilis. It has been reported from a number of Indian states, Bangladesh, 
Burma (Myanmar), Indonesia (Java), Philippines, and Vietnam; Te et al. 
(1991) reported Lytocestus parvulus from Pangasiodon hypophthalmus and 
Pangasius conchophilus, along with C. batrachus (see Arthur and Te, 2006), 
which needs further study to confirm. In West Bengal, it was the third 
most-common caryophyllidean cestode parasitic in C. batrachus, with an 
overall prevalence of 33% and a mean intensity of 6.7 (range 1-38). 
Taxa of unclear status 
The systematic position and validity of the following taxa described 
from the walking catfish C. batrachus could not be confirmed because 
original descriptions could not be obtained, despite numerous requests to 
the editorial offices of relevant journals, the authors of papers, and 
exhaustive searches in internet databases and in major libraries. Until such 
descriptions or material can be obtained, the validity of each of the 
following species remains unknown: (I) Bilobulata georgievi Mathur and 
Srivastav, 1998; (2) Capingentoides gorakhnathi Agarwal and Singh, 1985; 
(3) Capingentoides srivastavai Dan and Sahay, 1993; (4) Monofemaloides 
srivastvii Srivastav, Sahu, and Khare, 2009; (5) Pseudobeanata paleraensis 
Srivastav, Sahu, and Khare, 2007; (6) Pseudobatrachus chandlaensis 
Srivastav, Sahu, and Khare, 2006; (7) Pseudounevenata teharkaenesis 
Srivastav and Khare, 2008 (Agarwal and Singh, 1985; Dan and Sahay, 
1993; Mathur and Srivastav, 1998; Srivastavet aI., 2007, 2008, 2009). 
One species of Pseudobatrachus, namely P. madhyapradeshensis, erected 
by Khare (2006) in his unpublished PhD thesis (see Sahu et aI., 2009), is a 
nomen nudum according to the International Code of Zoological 
Nomenclature (1999). Consequently, Pseudobatrachus madhyapradeshensis 
Khare, 2008, the description of which was published 2 yr later (see 
Srivastav et aI., 2010) becomes a homonym of this nomen nudum. 
Another species of Pseudobatrachus, namely P. ramsagarensis, was 
erected by Sahu (2007) in his PhD thesis (see Srivastav et aI., 2010), but its 
description has never been published. As a result, P. ramsagarensis is also 
a nomen nudum. Pseudobatrachus chandlaensis Srivastav, Sahu, and 
Khare, 2006 listed in Srivastav et al. (2010) is also a nomen nudum 
because this taxon was not described in a paper of Srivastav et al. (2006). 
In addition to the species of uncertain status, 2 additional genera are 
invalidated. Pathak and Srivastav (2005) listed 2 genera as new for science, 
namely" Pseudoclariasis n. g." and" Pseudoinverta n. g.," in their key to 
the genera of the Capingentidae, but not in the text. Since no description 
of either genus was provided in the text, both names are considered 
nomina nuda. In the same year, Srivastav and Khare (2005) listed the 
above-mentioned genera in their key (p. 152), with Pathak (2002) reported 
as the author of both taxa. However, both genera were proposed in an 
unpublished Ph.D. thesis (Pathak, 2002) and, thus, are invalid according 
to the International Code of Zoological Nomenclature (1999). 
A key to identification of species of Caryophyllidea from 
C/arias batrachus 
To facilitate identification, a simple key is provided based primarily on 
gross morphology and some characteristics of the scolex and internal 
organs, such as the posterior extent of vitelline follicles and shape of the 
ovary (Table I). It should be noted that it is difficult to assess precisely the 
shape of the scolex due to its extensive movements in living worms. 
Therefore, some specimens cannot be unequivocally distinguished in vivo, 
but their identification is better facilitated after fixation with hot fixative, 
as described above. 
la. Body short, bottle-shaped (i.e., with narrow neck and expanded 
body with rounded posterior extremity), with bulbous scolex 
(Figs. 7 A, B) . . . . . . . . . .. Djombangia penetrans Bovien, 1926 
I b. Body elongate, without pronounced neck ................ 2 
2a. Vitelline follicles lateral only (absent medially) ............ 3 
2b. Vitelline follicles lateral and median .................... 5 
3a. Scolex bluntly arrow-shaped, with digitiform, terminal end 
(Figs. 2C, D, 4A-C); vitelline follicles reaching posteriorly up 
to ovary (Figs. 4D, E, H) ....................... . 
· ........... Bovienia raipurensis (Satpute and Agarwal, 1980) 
3b. Scolex not arrow-shaped; vitelline follicles do not reach up to 
ovary ........................................ 4 
4a. Vitelline follicles absent posterior to cirrus-sac (Figs. 3G, H); scolex 
only slightly wider than narrow, long neck; common genital atrium 
present ..... Bovienia indica (Niyogi, Gupta and Agarwal, 1982) 
4b. Vitelline follicles present posterior to cirrus-sac (Figs. 5C-E); 
scolex markedly wider than narrow neck (Figs. IC, 2F, 5B); 
common genital atrium absent (gonopores separate) ..... 
· ........................ Bovienia serialis (Bovien, 1926) 
5a. Body robust; ovary butterfly-shaped; scolex robust, lanceolate to 
digitiform, with rounded anterior end; neck very short; seminal 
receptacle absent (Fig. 9G) .. Lytocestus indicus (Moghe, 1925) 
5b. Body slender; ovary with long arms, H- or inverted A-shaped; 
scolex slender, of different shape; neck long; seminal receptacle 
present ....................................... 6 
6a. Ovary with posterior arms bent inwards, often inverted A-shaped; 
body very long (up to 60 mm) and slender; scolex lanceolate 
(Figs. 8A, B) . . . . . . .. Lucknowia microcephala (Bovien, 1926) 
6b. Ovary H-shaped; body shorter (Figs. IF, G); scolex spatulate 
(Figs. 2M-P) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 
7a. Vitelline follicles reaching up to ovary (Fig. 10F); scolex shorter; 
neck longer (Figs. lOD, E) ...................... . 
· ............. Pseudocaryophyllaeus tenuicollis (Bovien, 1926) 
7b. Vitelline follicles not reaching up to ovary (Fig. 10C); scolex more 
elongate; neck shorter (Fig. lOA, B) ............... . 
· .......... Pseudocaryophyllaeus ritai Gupta and Singh, 1983 
DISCUSSION 
Species diversity of caryophyllideans in Clarias batrachus 
The present study has revealed that the number of valid species 
parasitic in Clarias batrachus is much lower (8 species of 5 genera) 
than the number of nominal species (as many as 59 species of 15 
genera). Even though a large number of specimens were available, no 
new species is described in the present study. In contrast, all 
tapeworms could be easily accommodated to already known taxa, 
with half(n = 4) of them having been described by Bovien (1926) from 
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Indonesia. Surprisingly, the oldest papers, such as those by Moghe 
(1925, 1931), Bovien (1926), Lynsdale (1956), and Gupta (1961), 
provided much better and more complete morphological descriptions 
than taxonomic accounts published during the last 4 decades. 
The present study has shown that, remarkably, as many as 86% 
of nominal species of caryophyllidean cestodes described from C. 
batrachus are not valid. The most recent species considered to be 
valid, Pseudocaryophyllaeus ritai, was described almost 30 yr ago. 
In his unpublished Ph.D. thesis, Murhar (1972) listed 7 species of 
caryophyllidean tapeworms, including 3 new species and 1 new 
genus (Clariocestus), from the walking catfish in India, based on 
dissection of 905 fish. All these species were also found by the 
present authors in India. The eighth species parasitic in C. batrachus 
is Bovienia serialis, whose distribution may be limited to Indonesia. 
Host specificity and geographical distribution 
Of the 8 valid species parasitic in C. batrachus, 3 Bovienia spp. 
seem to be specific to the walking catfish. The remaining 5 taxa 
have also been found in other catfishes, especially in Hetero-
pneustesfossilis (Heteropneustidae), but C. batrachus is always the 
most-heavily parasitized host, as indicated by a higher prevalence 
than in other catfish. 
The geographic distribution of individual species is rather 
variable. The most-widely distributed species is Lytocestus indicus, 
which has been reported (under a high number of different names) 
from Bangladesh, Burma (Myanmar), Indonesia (Java), Thailand, 
Vietnam, and several Indian states. In contrast, Bovienia 
raipurensis has been found in only a few localities in India. 
Quality of material used for morphological descriptions 
The current situation in the taxonomy of caryophyllidean 
cestodes in the Indomalayan region is unsatisfactory because of 
the problems discussed above. This has led to significant misinter-
pretations of individual structures and has provided unreliable and 
often incorrect data regarding the morphology of the worms. The 
present study confirms that a key factor and prerequisite for reliable 
taxonomic research is properly fixed material. 
Use of hot fixative (4% formaldehyde solution; see Oros et aI., 
2010) made it possible to obtain material suitable for comparative 
morphology analyses. In contrast, all specimens fixed with cold 
formalin by the senior author (A.A.) in 2007 were strongly 
contracted (see Figs. 3A-E for comparison of the morphology of 
properly fixed versus a contracted, con specific tapeworm). Study 
of contracted worms results in incorrect conclusions with respect 
to their actual morphology, such as the shape of the body, type 
and size of the scolex, and presence or absence of the neck and its 
length. Observations of hot formalin-fixed specimens with SEM 
helped considerably in characterization of the type and natural 
shape of the scolices of individual taxa (Fig. 2), which is 
important for species identification of caryophyllidean cestodes 
(see Oros et aI., 2010). Use of SEM also enabled us to reliably 
describe the surface structure of eggs, including the presence of an 
operculum (Fig. 11), which may be easily overlooked in eggs 
observed in utero using only light microscopy (Mackiewicz, 1981). 
The most frequent error in descriptions of caryophyllidean taxa 
from C. batrachus is misinterpretation of the lateral arms of the 
ovary, which are formed by numerous, well-separated follicles 
(see, e.g., Figs. 3D, 4D, E, 8D, E) as being postovarian vitelline 
TABLE 1. Selected discriminative characters of cestodes (Caryophyllidea), parasites of Ciarias batrachus. 
Bovienia Bovienia Bovienia Djombangia Lucknowia Lytocestus Pseudocaryophyllaeus 
Species character indica raipurensis serialis penetrans microcephala indicus ritai 
Shape of body Elongate Elongate Elongate (16 mm) Bottle-shaped Very long, robust Robust (29 mm) Slender (25 mm) 
(max. length) (23 mm) (23 mm) (10 mm) (60 mm) 
Scolex Unspecialized, only Blunt arrow- Spatulate, wider Bulbate, with Lanceolate, not Robust, lanceolate Spatulate, with frilled 
slightly wider- shaped than neck spherical markedly with rounded apical tip, numerous 
than-narrow long apical organ distinguished anterior end enlarged, 
neck from long neck conspicuously 
convoluted excretory 
canals visible 
Shape of ovary H or inverted H-shaped H-shaped Dumbbell-shaped H or inverted Butterfly-shaped H-shaped 
A-shaped A-shaped 
Position of vitelline Cortical; only Cortical; only Cortical; only lateral Cortical; lateral Cortical and few Cortical; lateral Cortical; lateral and 
follicles lateral lateral and median medullary; lateral and median median 
and median 
Posterior extent of May reach lower To ovarian Past cirrus-sac but To ovarian Past cirrus-sac but May reach lower May reach lower 
vitelline follicles margin of follicles not reach to follicles not reach to margin of margin of 
cirrus-sac ovary ovary cirrus-sac cirrus-sac 
Genital pores' Separate, open into Separate, open Separate (5.22) Open into distinct Separate, open into Separate, open into Separate (5.22); in 
distinct atrium into distinct atrium (5.24) shallow atrium shallow atrium some exceptional 
(5.24) atrium (5.24) (5.23) (5.23) cases (5.23) 
Egg size 47-49 X 33-39 45-53 X 32-34 45-51 X 29-30 70-81 X 44-50t 38-42 X 29-33 63-67 X 44-47 55-59 X 34-39 
• According to the states presented by Mackiewicz (1994, Figs. 5.22-5.25). 
t Embryonated eggs in the distal portion of the uterus are covered with thick coat of short filaments. 
Pseudocaryophyllaeus 
tenuicollis 
Slender (20 mm) 
Spatulate, with 
frilled apical tip, 
few enlarged, 
conspicuously 
convoluted 
excretory canals 
visible 
H-shaped 
Cortical; lateral and 
median 
To ovarian follicles 
Separate (5.22); in 
some exceptional 
cases (5.23) 
42-48 X 32-36 
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follicles. Many authors also confused vitelline follicles as testes. 
Accordingly, these authors reported up to several thousand 
"testes" per worm. For example, as many as 5,800-6,000 "testes" 
were reported for Lytocestus clariasae Pawar and Shinde, 2002 [a 
homonym of L. clariasae ladhav and Gavahne, 1991]). Also 
misinterpreted were subtegumental cells as vitelline follicles 
(Shinde and Borde, 1999; Pawar and Shinde, 2002; Shinde and 
Pawar, 2002) and the swollen sperm duct (vas deferens) as an 
external seminal vesicle, as documented by Mackiewicz (1994). 
Morphological variability and characters of 
taxonomic importance 
The present study has demonstrated the suitability of several 
morphological characteristics for species and generic differentia-
tion, based on properly fixed material. It was found that the shape 
of the body and scolex, length of the neck, position and shape of 
the ovary, and extent of vitelline follicles represent suitable 
characteristics to distinguish genera and species. 
Except for Lytocestus indicus, a relatively low level of 
intraspecific variation in morphology and measurements was 
observed in all taxa. Furthermore, there was almost no overlap 
between individual taxa, an indication that the characters used 
enabled an obvious delimitation of individual species. It is clear 
that the slight morphological differences between worms from the 
same hosts, used to justify erection of new species, were greatly 
overestimated in the past. Such variation or artifacts apparently 
reflect either individual variability or depend largely on fixation 
procedure, i.e., the degree of contraction with cold fixatives, 
unnatural elongation when worms are left to relax in water, and 
deformation of worms fixed under pressure. In some species, such 
as L. indicus, Pseudocaryophyllaeus ritai, and Bovienia indica some 
natural variation was observed in the anterior and posterior 
extent of vitelline follicles and testes (see Figs. 9C, D and lOG, H) 
and in the shape of the posterior arms of the ovary (Figs. 3G, H). 
Conclusions 
The present study was based on a critical examination of an 
extensive set of newly collected, properly processed material and 
its comparison with limited type specimens and original 
descriptions. For future studies, it is recommended that any 
taxonomic study of caryophyllidean cestodes should be based on 
evaluation of well-fixed material. Cross-sections should always be 
provided and morphological variability should also be assessed 
before slight morphological differences are used to justify 
description of new species. Type and voucher specimens must 
be deposited in an internationally recognized collection from 
which material can be readily borrowed. 
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A NEW SPECIES OF SPAULIGODON(NEMATODA: OXYUROIDEA: PHARYNGODONIDAE) 
IN LATASTIA LONGICAUDATA (SAURIA: LACERTIDAE) FROM KENYA 
Charles R. Bursey and Stephen R. Goldberg* 
Department of Biology, Pennsylvania State University, Shenango Campus, 147 Shenango Avenue, Sharon, Pennsylvania 16146. e-mail: cxb 13@psu.edu 
ABSTRACT: A new species of Spauligodon, Spauligodon latasticola n. sp., from the intestines of Latastia longicaudata (Lacertidae) from 
Kenya is described and illustrated. Spauligodon latasticola represents the 47th species assigned to the genus and the 8th species from the 
Ethiopian region. The new species differs from all but 2 other species assigned to Spauligodon by the presence of a conically tapering 
tail in the female. The new species is separated from the 2 similar species, Spauligodon garciaprietoi and Spauligodon goldbergi, by the 
position of the vulva, which is anterior to the esophageal bulb in the new species, at the level of the esophageal bulb in S. goldbergi, and 
posterior to the esophageal bulb in S. garciaprietoi. 
The southern long-tailed lizard Latastia longicaudata (Reuss, 
1834) is a common, widespread inhabitant of the Soma1i-Masai 
semidesert shrub1and and deciduous Acacia-Commiphora brush-
lands at low elevations from the Ethiopian and Sudanese borders 
south throughout Kenya and into northeastern Tanzania (Spaw1s 
et al., 2004). Although the ecology of L. longicaudata has been 
studied (Vanhooydonck and Van Damme, 2001; Wahungu et aI., 
2004; among others), to our knowledge there are no reports of 
helminths in this species. 
Currently, 46 species are assigned to Spauligodon: 20 from the 
Palearctic region, 10 from the Neotropical region, 7 from the 
Ethiopian realm, 4 from the Nearctic region, 3 from the Indo-Pacific 
realm, and 2 from the Australian region. The purpose of this paper is 
to describe a new species of Spauligodon from the Ethiopian region. 
MATERIALS AND METHODS 
Five specimens of Latastia longicauda collected 24 June-2 July 1971 
from the vicinity of Ltakwen, Samburu District, Kenya, were borrowed 
from the Natural History Museum of Los Angeles County (65825,65855-
65858; mean snout-vent length, 81.4 ± 2.1 mm, range 78-83) and 
examined for helminths. The body cavity of each lizard was opened by a 
longitudinal ventral incision, and the gastrointestinal tract was removed 
by cutting across the esophagus and rectum. The stomach, small intestine, 
and large intestine were examined separately for helminths. Nematodes 
were placed in lacto-phenol, allowed to clear, and examined using a light 
microscope. Drawings were made with the aid of a microprojector. 
Measurements are in ~ with mean ± 1 SD and range in parenthesis, 
unless otherwise stated. Selected helminths were deposited in the United 
States National Parasite Collection (USNPC), Beltsville, Maryland. 
RESULTS 
Three specimens (60%) were found to harbor a total of 166 
nematodes (34 males, 62 females, 70 juveniles) assignable to 
Spau/igodon, but they are unlike any currently known species. 
DESCRIPTION 
Spauligodon /atastico/a n. sp. 
(Figs. 1-6) 
General: Oxyuroidea Railliet, 1916: Pharyngodonidae Travassos, 1919, 
Spauligodon Skrjabin, Schikkhobalova, and Lagodovskaja, 1960. Small 
cylindrical nematodes, sexually dimorphic, males approximately one-
fourth length of female. Lateral alae present in male and female. Anterior 
extremity tapered, mouth surrounded by 3 small lips, each with shallow 
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midline indentation; dorsal lip with 2 sessile papillae, ventrolateral lips 
with 2 sessile papillae and 1 prominent lateral amphid. 
Male (holotype and 9 paratypes): Length (excluding tail filament) 1.61 
± 0.23 mm (1.35-1.98 mm); width at level of excretory pore 145 ± 7 (134-
153). Cuticle with distinct transverse pseudoannulae 5-7 apart, faint 
longitudinal striations approximately 1 apart. Lateral alae 20 wide, 
beginning slightly anterior to nerve ring and ending approximately 130 
anterior to posterior end of body. Esophagus 298 ± 15 (268-317); corpus 
length 239 ± 13 (216-256), isthmus approximately 5 in length (appears as 
a shallow groove); bulb length 58 ± 4 (52-61), bulb width 59 ± 5 (52-64). 
Nerve ring 114 ± 7 (107-128) and excretory pore 463 ± 48 (383-536) from 
anterior end, respectively. Cloaca with prolonged anterior and posterior 
lips; anterior lip pectinate, posterior lip beak-like. Spicule, weakly 
sclerotized, 57 ± 3 (52-61), sharply pointed distal end. Caudal alae 
present 133 ± 8 (116-146) in length, 50 ± 5 (43-55) at its widest 
dimension; 3 pairs of mammiliform papillae, 1 pair precloacal, poster-
iolaterally directed, 1 pair postcloacal, laterally directed, both enclosed by 
caudal alae; third pair occurring on base of tail filament, not enclosed by 
caudal alae. Tail filament 164 ± 20 (134-189) in length, aspinose. Single 
tubular testis reflexed just posterior to excretory pore. 
Female (allotype and 9 paratypes; gravid): Length 3.62 ± 0.37 mm 
(3.20-4.48), width at midbody 243 ± 23 (214-275). Cuticle with distinct 
transverse pseudoannulae 5-7 apart, faint longitudinal striations approx-
imately 1 apart. Lateral alae, approximately 10 wide, beginning at level of 
nerve ring, ending at anus. Esophagus 453 ± 31 (383-485): corpus length 
341 ± 17 (317-366), isthmus 10 ± 3 (6-12), bulb length 72 ± 5 (61-79), 
bulb width 77 ± 7 (61-85). Nerve ring 117 ± 6 (110-122), excretory pore 
298 ± 53 (244-372), and vulva 336 ± 61 (274-423) from anterior end, 
respectively. Anus 732 ± 65 (638-816) from posterior end. Thick-walled 
muscular ovijector extending posteriorly approximately 560 to valve; 
posterior to valve, muscular portion of uterus approximately 100 in length 
separates into 2 glandular uteri. Uteri parallel, extending to posterior end 
of body and folding back upon themselves to join oviducts. Oviducts and 
ovaries parallel to each other. Egg barrel shaped with polar plugs on each 
end, slightly flattened on 1 side, length 141 ± 8 (128-153), width 34 ± 2 
(31-37); in early cleavage. Egg surface smooth. As body fills with eggs, 
intestine becomes less apparent; when egg load extends body diameter, 
intestine not seen. 
Taxonomic summary 
Type host: Latastia longicaudata (Reuss, 1834), southern long-tailed 
lizard, Lacertidae. 
Symbiotype: LACM 65856. 
Collection date: 24 June-2 July 1971. 
Type locality: Latakwen, Samburu, (l°28'N, 37°3'E, elevation 914 m), 
Kenya. 
Site of infection: Intestine. 
Type specimens: Holotype male, USNPC 103537; allotype female, 
USNPC 103538; paratypes 9 males, 9 females, USNPC 103539; voucher 
specimens, USNPC 103540. 
Etymology: The new species is named after its host genus. 
Remarks 
Species of Spauligodon are separated on the basis of the presence or 
absence of a spicule, the appearance of the tail, egg morphology, and 
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FIGURES 1-6. Spauligodon latasticola n. sp. (1) Female, entire, lateral view. (2) Male, entire, lateral view. (3) Female, en face view. (4) Egg. (5) Male, 
posterior end, ventral view. (6) Male, posterior end, lateral view. 
geographical distribution (see Table I of Bursey et aI., 2005). Three more 
recently described species should be added to the table: Spauligodon 
vietnamensis Binh, Bursey, and Goldberg, 2007, spicule absent, male tail 
filament aspinose, female tail spike, eggs fusiform, 2 knobs; Spauligodon 
xenosauri Bursey, Goldberg, and Telford, 2007, spicule 34-40, male tail 
filiform, 2-4 spines, female tail filiform, 1- 3 spines, eggs ovoid; 
Spauligodon lamothei Monks, Escorcia-Ignacio, and Pulido-Flores, 2008, 
spicule 55- 96, male tail filiform, 1-5 spines; female tail filiform, 8-16 
spines, fusiform (Binh et aI., 2007; Bursey et aI., 2007; Monks et aI., 2008). 
Only 2 species of Spau/igodon have previously been described in which the 
tail of the female has a conical taper, i.e., Spauligodon goldbergi Bursey 
and McAllister, 1996, and Spauligodon garciaprietoi Jimenez-Ruiz, Leon-
Regagnon, and Campbell, 2003 (see Table I of Bursey et aI., 2005). The 
location of the vulva can be used to separate the 3 species: In Spauligodon 
latustieola n. sp. , the vulva is anterior to the esophageal bulb, in S. 
goldbergi, it lies at the level of the esophageal bulb, and in S. gareiaprietoi, 
it is posterior to the esophageal bulb. Additional differences include the 
tail filament of male S. golbergi, which bears 3-7 cuticular spines; the tail 
filaments of the other 2 species are as pi nose. The lateral alae of S. 
garciaprietoi end a t the level of the cloacal meatus; the lateral alae of S. 
latastieola end some distance anterior to the cloacal meatus. Characters of 
S. latasticola should be added to Table I of Bursey et al. (2005), i.e., spicule 
52- 61, male tail filament aspinose, female tail a conical taper, and eggs 
barrel shaped. 
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A NEW SPECIES OF EIMERIA (APICOMPLEXA: EIMERIIDAE) FROM THE WESTERN 
HOGNOSE SNAKE, HETERODON NASICUS (SERPENTES: XENODONTIDAE), FROM TEXAS 
Peter Daszak, Stanley J. 8all*, Daniel G. Streickert, and Keith R. Snow:j: 
EcoHealth Alliance, 460 West 34th Street, 17th Floor, New York, New York 10001. e-mail: daszak@ecoheaithalliance.org 
ABSTRACT: A new species of coccidian (Apicomplexa: Eimeriidae) is described from the feces of a western hognose snake Heterodon 
nasicus (Serpentes: Xenodontidae) collected from Texas, and housed in the collection of the Zoological Society of London. Oocysts of 
Eimeria mchenryi n. sp. are cylindrical, 35.0 ± SD 1.4 (32-37) X 17.0 ± 0.7 (16-18) !Lm; the shape index (length/width) is 2.05. A 
micropyle, oocyst residuum, and polar granule are absent. Sporocysts are subspherical9.3 (7-11.5) X 7.7 (6-9) !Lm, with a shape index 
of 1.2. There is a sporocyst residuum, but the new species is lacking Stieda bodies. The new species is distinct from those previously 
named from the Xenodontidae and the allied family, Colubridae. 
Parasites are often neglected components of biodiversity, 
particularly those of nonmammalian hosts (Whittington, 1998; 
Poulin, 2004). As part of a survey of parasite biodiversity in 
reptile hosts, a western hognose snake, Heterodon nasicus, 
imported to the collection of the Zoological Society of London 
from Texas, was examined for coccidian parasites. 
The western hognose snake is found in southern Canada, south-
central United States, and northern Mexico. Previously placed in the 
Colubridae, it has been assigned to the Xenodontidae, along with 2 
other Heterodon species and 5 species of other genera (Pinou et aI., 
2004). There seems to be no agreement on the taxonomic category of 
these 8 species, and it is considered to be an artificial assemblage. 
No coccidian parasite has been reported in species of 
Heterodon. We have compared the structural characteristics of 
the sporulated oocysts of the Eimeria found in H. nasicus with 
those described and named from hosts in the Xenodontidae and 
Colubridae, and concluded this to be a new species. 
MATERIALS AND METHODS 
One H. nasicus, originally collected in Abernathy, Texas was housed alone 
at the Zoological Society of London. Fresh samples of feces were placed in 
2.5% aqueous potassium dichromate solution (KzCrz07) and stored at 
ambient temperature to allow sporulation of coccidian oocysts. Samples 
were examined as wet mounts of fecal suspensions with the use of a Nikon 
Epson 2000 microscope and photographed with a Zeiss Photomicroscope 
III. Two months after collection, 20 oocysts were measured under oil at 
X I ,000 by ocular micrometer with the use of No mar ski interference-contrast 
optics. In addition, 20 sporocysts were measured with the use of identical 
methods. All measurements given below are reported in micrometers as 
means ± SD (standard deviation), with ranges in parentheses. 
Diagnosis 
DESCRIPTION 
Eimeria mchenryi n. sp. 
(Figs. 1 and 2) 
Oocysts cylindrical, 35.0 ± SD 1.4 (32-37) X 17.0 ± SD 0.7 (16-18); 
shape index (length/width) 2.05 (1.8-2.2). Outer cyst wall smooth, 
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bilayered, composed of outer layer about 0.7 thick and inner layer about 
0.3 thick. Micropyle, oocyst residuum, and polar granules absent. 
Sporocysts subspherical 9.3 (7-11.5) X 7.7 (6-9); shape index 1.2 (1.0-
1.3). Stieda body absent. Sporocyst residuum present, composed of 
granules and amorphous material. 
Taxonomic summary 
Type host: Adult H. nasicus Baird and Girard, 1852, the western 
hognose snake. 
Type location: Abernathy, Texas (34°23'14.5"N, 102°17'46.5"W). 
Site of infection: Unknown. Oocysts recovered from feces. 
Type specimens: Photosyntypes deposited in the Pathology Museum of 
the Institute of Zoology, Regents Park, London, United Kingdom 
(ZSLOOI). 
Etymology: The species is named in honor of Thomas J. P. McHenry, 
Environmental Lawyer, Chairman of the Council of Wildlife Trust and 
former Chairman of the Board of Wildlife Trust, for his lifelong 
contributions to conservation and environmental policy. 
Remarks 
Species of Eimeria are the most common coccidian parasites in snakes 
(Duszynski et aI., 2000). When only oocysts are available, new eimerian 
parasite taxonomy is based on oocyst morphology. It is generally assumed 
that Eimeria species are host specific at the generic level, although not 
always confined to a single species in the same host genus (Kogut, 1990). 
Of about 52 named eimerian species found in the Xenodontidae and 
Colubridae, there are 18 species with elongate-ellipsoidal to cylindrical 
oocysts with shape indices of 1.6 or more, similar to our new species. In 
their review of colubrid snakes in Texas, McAllister et al. (1995) noted that 
5 species harbored eimerian parasites. The western hognose snake was not 
included in their review. Asmundsson et al. (2006) described 7 new Eimeria 
species with elongate-ellipsoidal shaped oocysts (length/width (LIW] ratio 
;0: 1.7) from colubrid snakes of Guatamala. Apart from geographical 
separation and oocyst structural differences, all these were smaller than 
the oocysts of E. mchenryi, which is one of the largest of the previously 
described cylindrical forms from the Colubridae or Xenodontidae (Upton 
and McAllister, 1990). 
The sporulated oocysts of Eimeria zamensis Phisalix, 1921 are smaller 
than those of E. mchenryi, taper toward I end, and have a wall composed 
of a single layer (Anderson et aI., 1968). The oocysts of Eimeria 
lampropeltis Anderson, Duszynski and Marquardt, 1968 are similar in 
size to those of E. mchenryi, but the mean length is less (30.4 compared to 
35.0) and they have larger cylindrical sporocysts (SI = 1.98 compared to E. 
mchenryi 1.2). Oocysts of Eimeria arabukosokokensis from the Kenyan 
Telescopus semiannulatus (tiger snake) are similar in shape to the new 
species, but much smaller 26.8 (25-29) X IS. I (14-16), and possess a polar 
granule (Slapeta et aI., 2003). Eimeria papillosum from Salvadora 
grahamiae lineata (Texas patchnose snake) has large cylindrical oocysts 
32.0 (28.8-35.2) X 18.0 (16.0-20.4) that overlap slightly in range with E. 
mchenryi, but have characteristic papules on the outer wall and a polar 
granule (Upton and McAllister, 1990), which are not present in the new 
species. Oocysts of Eimeria natricis from the northern water snake 
(Nerodia sipedon sipedon) also overlap slightly with E. mchenryi, 32.3 (30-
36) X 17.5 (16-19); however, its sporocysts 15.7 (15-17) X 8.2 (7-9) are 
significantly larger than those of E. mchenryi, which are 9.3 X 7.7. 
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FIGURE I. Photomicrograph of sporulated oocyst of Eimeria mchenryi 
n. sp. Bar = 10 11m. 
Furthermore, sporocysts of E. natricL~ are ellipsoidal and have a Stieda body 
(Wacha and Christiansen, 1975). Eimeria gupti, of the Asiatic water snake, 
Natrix piscator, overlaps with E. mchenryi in oocyst length and width; 
however, its sporocysts are significantly larger (Ray and Das Gupta, 1936). 
The significant morphological differences from the previously described 
Eimeria above, as well as the high host-specificity characteristic of snake 
eimerians, indicate that E. mchenryi is a new species. 
DISCUSSION 
Paperna and Landsberg (1989) proposed 2 new genera, 
Choleoeimeria and Acroeimeria, for eimerian coccidia infecting 
reptiles, based mainly on the location of the endogenous stages 
and the shape of the oocysts. Acroeimeria species develop in the 
intestinal epithelium and form oocysts that are oval or round, 
whereas Choleoeimeria species have endogenous development in 
the epithelium of the gall bladder and produce elongate-
ellipsoidal, or cylindroidal, oocysts generally with a LIW ratio 
of 1.6- 2.2. Although this classification is not widely used, E. 
mchenryi would clearly fall within the genus Choleoeimeria . 
Heterodon nasicus is classified as 'Least Concern' in the IUCN 
Red List (2010), and the population is thought to be relatively stable 
overall. However, because of habitat destruction in certain areas, 
snakes have declined and could be threatened or even endangered. 
Under such circumstances potentially pathogenic parasites, such as 
coccidia, could have a detrimental effect in stressed hosts. 
2 
FIGURE 2. Line drawing of sporulated oocyst of Eimeria mchenryi 
n. sp. 
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PHILOMETRIDS OF THE SOUTHERN FLOUNDER PARALICHTHYS LETHOSTIGMA: A 
MULTIDIMENSIONAL APPROACH TO DETERMINE THEIR DIVERSITY 
Isaure de Buron, Scott G. France*, Vincent A. Connorst, William A. Roumillat:j:, and Lam C. Tsoi§ 
Department of Biology. College of Charleston, Fort Johnson Road. Charleston, South Carolina 29412. e-mail: deburoni@cofc,edu 
ABSTRACT: Two species of philometrid nematode, Philometra overstreeti and Philometroides paralichthydis, infect the southern 
flounder, Paralichthys lethostigma. Individuals of P. overstreeti are located between the teeth and inside the bony part of the branchial 
arches of the fish, Individuals of p, paralichthydis are associated with the bones of the buccal cavity and among muscles that control the 
dorsal and anal fins, Sequencing of part of the cytochrome oxidase I gene revealed 4 distinct genetic clades, each corresponding exactly 
to the 4 respective locations of the parasites in the host, suggesting the need for taxonomic revision. We hypothesized that each clade 
represented a separate species and, because the worms are morphologically indistinguishable, compared population level parameters of 
the clades comprising each currently recognized species. For each currently recognized species, the presence of worms from 1 clade was 
negatively correlated with the presence of worms from the other. Results also indicated significant differences between the clades in 
prevalences relative to both biotic and abiotic factors. Results clearly indicated major differences in the ecology of the philometrids 
constituting each clade. Taken as a whole, molecular and ecological data support the contention that the 4 genetic clades are likely 4 
distinct species, 
Marine philometrids are dracunculoid nematodes whose 
biology and distribution are particularly poorly known, This 
lack of understanding is primarily rooted in the fact that their 
taxonomy is currently considered unsatisfactory and in need of 
major revision (Anderson, 2000; Moravec, 2004, 2006). Because 
of the fairly uniform morphology of females, the morpho-
anatomical features of male individuals are of the utmost 
importance for the accurate description and identification of 
species in this group. However, male philometrids are extremely 
small, are seldom encountered, and their biology is unknown. As 
a result, most species of philometrids are described solely upon 
the study of females (Moravec, 2006). This identification problem 
leads, inevitably, to numerous incomplete or erroneous species 
descriptions in the literature, which, in turn, commonly results in 
mistakes regarding biodiversity reports (Moravec, 2004). Recent 
studies combining morphological and molecular data provide 
evidence for a much narrower philometrid host specificity than 
has previously been reported and for the need to re-evaluate the 
classification of this group of worms (Wu et aI., 2005; Quiazon et 
aI., 2008a, 2008b). In general, and particularly for philometrids, 
such combined studies may not, in and of themselves, be sufficient 
to determine biodiversity as long as other differential criteria are 
unavailable to explain the taxonomic/phylogenetic discrepancies 
drawn from such an approach. Other such criteria of significance 
in differentiating species may also include habitat selection, 
physiological markers, or ecological and population level 
parameters. 
Philometrids in the southern flounder, Paralichthys lethostigma 
Jordan and Gilbert, 1884, in South Carolina estuarine systems 
provide an example illustrating the need for a combination of 
approaches to more accurately determine diversity. In short, 
Blaylock and Overstreet (1999) first described the philometrid, 
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Margolisianum bulbosum Blaylock and Overstreet, 1999, in P. 
lethostigma. This designation was later considered species 
inquirenda and incertae sedis by Moravec and de Buron (2006). 
These authors, in turn, determined that the philometrids infecting 
this fish belonged to 2 different species, Philometra overstreeti and 
Philometroides paralichthydis. These descriptions were based 
solely on the females' morpho-anatomical criteria; males of 
neither P. overstreeti nor P. paralichthydis are known at this time. 
Significantly, the male description for M. bulbosum cannot be 
assigned to either P. overstreeti or P. paralichthydis. Further, 
females of each species are found in different habitats within the 
host. In brief, on the one hand, females of P. overstreeti are found 
between, and underneath, the teeth, as well as in the bony groove 
of the branchial arches between the efferent and afferent 
branchial arteries. On the other hand, females of P. paralichthydis 
occur between the depressor and erector muscles of anal and 
dorsal fin elements and also in association with the bones forming 
the buccal cavity (palatine arches, hyoid arches, tongue, and gill 
rakers) of the fish host. The presence of philometrids in each of 
these disparate habitats has been correlated with significant 
differences in both female size (I. de Buron, unpubl.) and host 
reaction among the different locations (de Buron and Roumillat, 
2010). Although such differences in parasite size and host reaction 
may be explained by phenotypic plasticity and intrinsic host 
factors, this accumulation of observations led us to question the 
identity of these parasites and to hypothesize that we may either 
be "witnessing" speciation in action, or that 4 cryptic species may 
in fact be present in this host fish. Because of the absence of males 
and the lack of discriminating morpho-anatomic criteria to 
differentiate females beyond the currently available descriptions, 
we used DNA barcoding, a recognized tool in species diagnosis 
(Hebert et aI., 2004; Schindel and Miller, 2005; Elsasser et aI., 
2009) to analyze worms from each habitat within the host. 
Because of skepticism in the methodology of DNA barco ding 
alone as a tool to identify species (Meyer and Paulay, 2005; 
Packer et aI., 2009), we complemented this analysis with an 
ecological approach based on the assumption that different 
parasite species are likely to display different population 
dynamics based upon the complexity of their natural history, 
i.e., differences in vector species, the presence or absence of 
paratenic hosts, tolerance to various salinities in the estuary, etc. 
(Combes, 2001). Our goal was to use these diverse approaches to 
determine whether there exists a higher-than-previously-estimated 
diversity of philometrids within individual fish definitive hosts. 
MATERIALS AND METHODS 
Fish and parasite collection 
A total of 680 fish were captured via electrofishing or tranunel netting 
between I November 2005 and 30 October 2007 in 4 estuaries of South 
Carolina: Winyah Bay (33°15'N, 79°32'W), Cape Romain (33°00'8"N, 
79°22'10"W), Charleston Harbor (32°46'N, 79°53'W), and the Ashepoo-
Combahee-Edisto (ACE) Basin (32°29'60''N, 800 26'00''W). Abiotic factors 
(water salinity and temperature) were recorded at each collecting site. Fish 
were transported and stored on ice prior to dissection. Upon return to the 
laboratory, each fish was measured (total length = TTL), weighed to the 
nearest gram, and sexed. Worms were collected and tallied according to 
their stage of maturity as either subgravid (showing eggs only) or gravid 
(harboring larvae), as well as according to their exact location (habitat) in 
each fish. Locations harboring worms included the teeth ("teeth worms") 
and posterior bony part of the gill arches ("groove worms") for P. 
overstreeti and the buccal bones ("bone worms") and anal and dorsal fin 
muscles ("fin worms") for P. paralichthydis. Not all fish were dissected 
exhaustively for all worms at all locations. The number of fish observed 
for teeth, groove, bone, and fin muscle worms were 642, 277, 532, and 664, 
respectively. Only those fish for which worms were sought simultaneously 
in the 2 habitats known for each species were considered when referring to 
P. overstreeti (n = 276) and P. paralichthydis (n = 517). The concurrent 
presence of worms in the 4 locations was assessed in 268 fish. 
DNA extraction, peR amplification, and sequence analysis 
A total of 54 worms (25 specimens of P. overstreeti and 29 of P. 
paralichthydis) from 39 fish captured from the 4 estuaries was analyzed. 
DNA extractions were performed employing a MasterPure™ DNA 
purification kit (Epicentre, Madison, Wisconsin). Nematode-specific PCR-
primers targeting a region of the mitochondrial cytochrome oxidase I (COl) 
gene were designed from available nematode sequences downloaded from 
GenBank: NemC0I5P (CATITRTTTIGRTTITTIGG) and NemC0I3P 
(ACYACATRATAAGTATCRTG). These primers amplified a fragment 
of =400-bp length. 
PCR reactions were carried out in a final volume of 25 ILl containing I ILl 
isolated DNA, 0.15 units Takara Ex TaqTM polymerase (Clontech 
Laboratories, Inc., Madison, Wisconsin), I X PCR buffer (10 mM Tris-
HCI, pH 8.0; 50 mM KCI), 2 mM MgCI2, 0.2 mM dNTP mixture, and 0.2 
mM forward and reverse primers. A negative control (no DNA) was 
included in all PCR amplifications. The DNA was initially denatured at 
94 C for 2 min. Amplification was performed with 2 cycles of 94 C for 
30 sec, 45 C for 30 sec, and 72 C for 30 sec; then 45 cycles of 94 C for 
30 sec, 55 C for 30 sec, and 72 C for 30 sec; and finalized at 72 C for 
10 min. PCR products were isolated using I % low-melt agarose SF gels 
(Amresco Inc., Solon, Ohio) followed by overnight agarose digestion (5 U 
per 100 ILl agarose; Sigma-Aldrich Co., St. Louis, Missouri). Purified PCR 
product was used in an ABI Prism BigDye Terminator vI.I cycle 
sequencing reaction following the manufacturer's protocols (except for 
one-half to one-fourth of the reconunended Ready Reaction Premix in 10-
to 20-ILI total volume reactions). Products were cleaned by ethanollEDTA 
precipitation and electrophoresed on an ABI Prism 3100 Genetic Analyzer 
(Applied Biosystems, Foster City, California). Sequence traces were edited 
using Sequencher version 4.6 (Gene Codes Corp., Ann Arbor, Michigan) 
and aligned by eye using SeqApp version 1.9al69 (Gilbert, 1992) or Se-Al 
v.2.0all (Rambaut, 2001). A representative of each unique haplotype was 
deposited in GenBank: HM035009-HM035011 (P. paralichthydis associ-
ated with the buccal bones), HM035015-HM035018 (P. paralichthydis 
associated with the fin muscles), HM035012-HM035014 (P. overstreeti 
associated with the teeth), HM035019-HM035023 (P. overstreeti associ-
ated with the bony groove of the branchial arch). 
To visualize relative distances among haplotypes, a distance phylogram 
was inferred using Kimura 2-parameter (K2P) distances in the neighbor-
joining (NJ) method implemented in PAUP* version 4.0b10 (Swofford, 
1998). Cytochrome oxidase I sequences were further analyzed in a 
maximum-likelihood framework with PhyML version 3.0 (Guindon and 
Gascuel, 2003) using the GTR+G model of evolution (model selection 
performed in APE, implemented in R; Paradis et al. 2004; R Development 
DE BURON ET AL.-BIODIVERSITY OF PHILOMETRIDS IN FLOUNDER 467 
Core Team, 2010); 500 bootstrap replicates were run to estimate node 
support. The philometrid Philometra cynoscionis Moravec and de Buron, 
2006, was used as an outgroup. Nodal support values were evaluated with 
500 bootstrap replicates. The final version of the tree was prepared using 
Mesquite version 2.72 (Maddison and Maddison, 2009). 
Statistical analysis 
Prevalences (P), mean abundances (A), and mean intensities (I) as 
defined by Bush et al. (1997) were calculated and analyzed according to 
biotic (fish TIL and gender) and abiotic factors (water temperature, water 
salinity, time of the year) for worms in each habitat in the fish. These 
factors were compared between groups currently grouped under a 
conunon species name, but inhabiting a different location, i.e., teeth 
worms were compared with groove worms, whereas bone worms were 
compared with fin worms. Salinity classes were defined as follows: class I, 
:55 (oligohaline); class 2, 5.1-18 (mesohaline); class 3, 18.1-30 (polyha-
line); and class 4, 2:30 (mixohaline). Fish size classes were defined in 50 mm 
increments except for class 10, in which we grouped all fish larger than 
450 nun to compensate for a decrease in sample size for larger fish. 
Months of the year were grouped into 6 waves of 2 mo each as follows: 
wave I = January-February, wave 2 = March-April, wave 3 = May-
June, wave 4= July-August, wave 5 = September-October, wave 6 = 
November-December. Statistical analysis was carried out using SYSTAT. 
Spearman correlations were calculated between the various groups of 
worms, and G tests were performed to compare prevalences and ratios. 
Kruskal-Wallis (KW) and Mann-Whitney U-tests were used to compare 
intensities and abundances. All differences were accepted at P :5 0.05. 
RESULTS 
Genetic study 
Among the 54 specimens sequenced, we found 15 COl 
haplotypes. No indels were observed among haplotypes in the 
sequence alignment; COl nucleotide sequences were translated to 
amino acids using the invertebrate mitochondrial code (NCB! 
translation table 5), and no stop-codons were observed. Maxi-
mum-likelihood and NJ phylogenies group these haplotypes into 
4 divergent clades that correspond to the 4 different habitats 
within the host, i.e., each clade is comprised of worm haplotypes 
from a single habitat (Fig. 1). Pairwise genetic-distances (K2P) 
between the haplotypes (Table I) have a non-overlapping, 
bimodal distribution, where the maximum divergence within a 
habitat/clade is 2.4% (for groove worms), and the minimum 
divergence between habitats/clades is 3.4% (Fig. 2). The mean 
within-habitat genetic-distance is 0.9%, compared with 5.9% 
between habitats/clades (Table I). Despite the fact that the teeth 
and groove worms are currently assigned to the same species (P. 
overstreet!), they showed the highest pairwise genetic divergence 
(Table I) and were not recovered as sister taxa in the phylogenies 
(Fig. 1). Conversely, teeth and bone worms show the lowest 
genetic divergence and group as sister taxa in both the ML and NJ 
phylogenies (albeit with weak [NJ] or no [ML] bootstrap support) 
despite their current classification in different genera (P. 
paralichthydis associated with the bones and P. overstreeti 
associated with the teeth). Furthermore, there was no geographic 
subdivision of the clades, i.e., representatives of all 4 clades were 
found in each estuary sampled along the coast of South Carolina. 
Comparison of ecological parameters between teeth 
worms and groove worms 
Overall prevalence, abundance, and intensity (Table II): There 
was a significant difference (G = 2.586, P < 0.01) between the 
overall prevalences of teeth worms and groove worms. The 
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FIGURE 1. Neighbor-joining phylogram (Kimura 2-parameter distances) of Philometra overstreeti and Philometroides paralichthydis showing 4 clades. 
Each clade is comprised of worm haplotypes from a single habitat (bone, teeth, fin muscles, and gill groove, respectively). Values at nodes are percentage 
bootstrap support from 500 replicates; Philometra cynoscionis was the designated outgroup. 
presence of teeth and groove worms was strongly negatively 
correlated (Spearman's coefficient = -0.723; n = 120) and, of the 
276 fish infected by P. overstreeti, only 6.1 % harbored groove and 
teeth worms concurrently. Overall, 26.3% of the fish were infected 
by teeth worms alone and 11.2% by groove worms alone. 
The presence of subgravid teeth worms was not correlated with 
the presence of gravid teeth worms (r = 0.130, n = 78), whereas 
TABLE 1. Genetic-distances (Kimura 2-parameter, expressed as percent-
age) within- and between-clades comprising Philometra overstreeti (teeth 
and groove worms) and Philometroides paralichthydis (bone and fin 
muscle). Shown in boldface on the diagonal are mean within-clade 
distances; below the diagonal are mean between-clade distances; above the 
diagonal are minimum between-clade distances. 
Philometroides 
Philometra overstreeti paralichthydis 
Teeth Groove Bone Fin muscle 
Teeth 0.66 6.21 3.63 4.78 
Groove 6.87 1.43 6.81 6.58 
Bone 3.39 6.19 0.44 4.77 
Fin muscle 5.71 5.48 5.57 1.06 
the presence of subgravid groove worms was negatively correlated 
with the presence of gravid groove worms (r = -0.644, n = 48). 
Further, the presence of subgravid teeth worms was not 
correlated with the presence of subgravid groove worms (r = 
0.067, n = 157), and the presence of gravid teeth worms was not 
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FIGURE 2. Frequency histogram of pairwise genetic-distance values 
(Kimura 2-parameter) among the 15 identified COl haplotypes. White 
bars: Within-cladelhabitat comparisons. Black bars: Between-clade! 
habitat comparisons. Intra-clade comparisons >0.02 are from the gill 
groove habitat worms. 
TABLE II. Overall prevalence (P), mean intensity (I), and mean abundance 
(A) of philometrids according to their habitat in Paralichthys lethostigma. 
SE = standard error; N = number of fish observations; NI = number of 
fish infected. 
Habitat P(N) I ± SE (NI) A ± SE 
Teeth 28.3% (642) 2.65 ± 0.23 (121) 0.62 ± 0.07 
Groove 17.3% (276) 1.69 ± 0.16 (48) 0.29 ± 0.05 
Bones 68.6% (532) 7.85 ± 0.61 (164) 4.12 ± 0.39 
Fin muscles 22.1% (664) 6.63 ± 0.76 (144) 1.44 ± 0.2 
correlated with the presence of gravid groove worms (r = 0.035, n 
= 114). Both the differences between mean abundance and 
between mean intensities for teeth and groove worms were highly 
significant (MWU = 98,228, P = 0.001, X2 = 10.632, df = 1 and 
MWU = 2,850, P < 0.001, X2 = 76.68, df = 1, respectively). 
Prevalence, abundance, and intensity by fish gender (Table III): 
There was no significant statistical differences in the prevalences 
of infection by either group of worms relative to fish gender (teeth 
worms, G = 0.471, P = 0.493; groove worms, G = 0.96, P = 
0.327), as well as no significant difference between male and 
female fish for abundances and mean intensities of worms 
associated with the teeth (MWU = 27,916, P = 0.197, X2 
1.662, df = 1 and MWU = 3,505, P = 1, X2 = 0, df = 1, 
respectively) and groove (MWU = 6,835.5, P = 0.274, X2 = 
1.198, df = 1 and MWU = 185.5, P = 0.742, X2 = 0.109, df = 1, 
respectively). 
Prevalence, abundance, and intensity by salinity (Table IV; 
Fig. 3): There was no significant difference in prevalence 
according to salinities for groove worms (G = 2.894, P = 0.408, 
df = 3). However, flounders were found to be significantly more 
often infected by teeth worms in higher salinities (poly- and 
mixohaline waters) relative to lower salinities (G = 9.917, P = 
0.019, df = 3) . Similarly, abundance was significantly different 
only for teeth worms relative to salinity (KW = 28.59, P < 0.001, 
df = 3), with the highest number of worms being found in 
mixohaline waters. In comparison, groove worms were found in 
consistently low abundance throughout all salinities (KW = 1.97, 
P = 0.579, df = 3). Salinity did not have a statistically significant 
effect on either teeth or groove worm mean intensities (KW = 0, 
P = 1.0; KW = 2.72, P = 0.437, respectively). 
Prevalence, abundance, and intensity by time of year (Table v,. 
Fig. 4): There was a significant effect of the time of year on the 
prevalence of infection by teeth worms (G = 20.999, df = 5, P < 
0.001). Flounders were more often infected by teeth worms in the 
spring, summer, and early fall (March through October) and least 
infected in the late fall and winter (November through February). 
Flounder were not infected by groove worms during the winter. 
However, during the rest of the year, the prevalence of infection 
for these worms was not significantly different (G = 6.852, P = 
0.144, df = 4) and remained low. Abundance of infection by teeth 
worms was significantly different according to wave (KW = 
20.669, P = 0.001, df = 5) with a peak of infection over the 
summer. However, the intensity of infection by teeth worms 
throughout the year did not vary significantly (KW = 0, P = 1, df 
= 5). Variation in abundance and mean intensity of infection by 
groove worms according to waves was also not statistically 
significant (KW = 8.415, P = 0.135, df = 5; KW = 0.683, P = 
0.953, df = 4). 
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TABLE III. Prevalence (P), mean intensity (I), and mean abundance (A) of 
philometrids according to their habitat in Paralichthys lethostigma and 
fish gender. I = male, 2 = female; SE = standard error; N = number of 
fish observations; NI = number of fish infected. 
Habitat Parameter 2 
Teeth N (NI) 180 (43) 329 (73) 
P (%) 31.7 37.4 
I ± SE 2.54 ± 0.39 2.71 ± 0.31 
A ± SE 0.74 ± 0.15 0.80 ± 0.12 
Groove N (NI) 83 (17) 156 (23) 
P (%) 20.5 14.7 
I ± SE 1.59 ± 0.26 1.70 ± 0.25 
A ± SE 0.33 ± 0.09 0.25 ± 0.06 
Bones N (NI) 161 (55) 292 (96) 
P (%) 78.9 71.9 
I ± SE 9.82 ± 1.36 7.19 ± 0.66 
A ± SE 6.14 ± 0.99 4.26 ± 0.48 
Fin N (NI) 184 (53) 339 (67) 
P (%) 9.9 19.8 
I ± SE 7.85 ± 1.39 5.31 ± 0.78 
A ± SE 27 ± 0.48 1.05 ± 0.20 
Prevalence, abundance, and intensity by fish size (Table VI; 
Fig. 5): There was a highly significant effect of the size of the fish 
on the prevalence of infection by each group of worm (teeth 
worms, G = 147.7; groove worms, G = 72.55, P < 0.001, df = 9). 
The smallest flounder to be infected by teeth worms was 69 mm 
TTL, while the prevalence of infection by these worms 
consistently increased with size class, reaching a plateau of about 
40% in size class 5, with no significant difference between size 
classes in fish larger than 200 mm TTL (G = 1.539, P = 0.908, df 
== 5). The abundance of infection by teeth worms was also highly 
significantly different according to the size of the fish, with a peak 
of infection in fish 250-300 mm in TTL (KW = 69.591, P < 
0.001, df = 9). However, mean intensity was not affected by the 
size of the fish (KW = 0, P = 1, df = 8). For groove worms, the 
smallest flounder to be infected measured 110 mm TTL. No 
significant differences in the prevalences of groove worms (G = 
12.82, P = 0.077, df = 7), in their abundances (KW = 7.771, P = 
0.456, df = 7), or in their mean intensities (KW = 11.75, P = 
0.131, df = 7) were detected among fish larger than 110 mm TTL. 
Comparison of ecological parameters between bone 
worms and fin worms 
Overall prevalence, abundance, and intensity (Table II): There 
was a significant difference (G = 23.167, P < 0.01) between the 
overall prevalence of bone and fin worms. Moreover, the presence 
of bone and fin worms was found to be negatively correlated 
(Spearman's coefficient = -0.336, n = 375), with 20.2% of the 
fish infected by P. paralichthydis harboring both bone and fin 
worms concurrently. Overall, 46.8% of the fish observed for P. 
paralichthydis were infected by bone worms only and 18% by fin 
worms only. About 20% of the flounder infected by bone worms 
were also infected by fin worms. The presence of subgravid bone 
worms was slightly negatively correlated with the presence of 
gravid bone worms (r = -0.210, n = 164), as was the presence of 
subgravid fin worms with that of gravid fin worms (r = -0.378, n 
= 144). The presence of subgravid bone worms was not correlated 
with the presence of subgravid fin worms (r = 0.149, n = 268), 
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TABLE IV. Prevalence (P), mean intensity (I), and mean abundance (A) of philometrids according to their habitat in Paralichthys lethostigma and 
salinity. I = oligohaline (0'S5), 2 = mesohaline (5.1-18), 3 = polyhaline (18.1-30), 4 = mixohaline (>30); SE = standard error; N = number of fish 
observations; NI = number of fish infected. 
Habitat Parameter 
Teeth N (NI) 204 (25) 
P (%) 16.18 
I ± SE 3.64 ± 0.61 
A ± SE 0.42 ± 0.11 
Groove N (NI) 69 (14) 
P (%) 20.29 
I ± SE 1.79 ± 0.28 
A ± SE 0.36 ± O.lO 
Bones N (NI) 140 (45) 
P (%) 55 
I ± SE 5.l3 ± 0.68 
A ± SE 2.14 ± 0.37 
Fin N (NI) 212 (53) 
P (%) 25.47 
I ± SE 5.98 ± 1.11 
A ± SE 1.5 ± 0.33 
and the presence of gravid bone worms was not correlated with 
the presence of gravid fin worms (r = 0.015, n = 268). The 
differences in mean abundances and in mean intensities between 
bone and fin worms were highly significant (MWU = 137,721, 
P < 0.001, X2 = 99.436, df = 1 and MWU = 13,701, P = 0.015, 
X2 = 5.976, df = 1, respectively). 
Prevalence, abundance, and intensity by fish gender (Table III): 
There were no significant differences in prevalences relative to fish 
gender for either group (bone worms, G = 0.325, P = 0.569; fin 
worms, G = 2.067, P = 0.151). Further, there was also no 
statistical difference between male and female fish for the 
abundance and intensities of bone worms (MWU = 7,559, P = 
0.415, X2 = 0.666, df = 1 and MWU = 2,840, P = 0.437, X2 = 
0.603, df = 1, respectively). While worms in the fin muscles were 
significantly less abundant in female fish (MWU = 34,075, P = 
0.012, X2 = 6.365, df = 1), their intensity was not different 
(MWU = 1,979, P = 0.276, X2 = 1.186, df = 1). 
Prevalence, abundance, and intensity by salinity (Table IV; 
Fig. 6): There was no significant difference in prevalence 
according to salinities within either group (bone, G = 4.582, 
P = 0.205; fin, G = 2.894, P = 0.408, df = 3), but there was a 
significant difference in the prevalence of infection between each 
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FIGURE 3. Prevalence of infection by teeth and groove philometrids 
(Philometra overstreetl) by salinity. Infection by teeth worms was 
significantly higher in higher salinities (poly- and mixohaline waters). 
There was no effect of salinity on prevalence by groove worms. 
2 3 4 
123 (25) 266 (64) 50 (7) 
30.08 37.59 40 
2.84 ± 0.76 2.28 ± 0.21 4 ± 0.90 
0.71 ± 0.22 0.71 ± O.lO 1.0 ± 0.10 
60 (12) 120 (17) 29 (5) 
20 14.17 17.24 
1.83 ± 0.30 1.65 ± 0.32 1.2 ± 0.20 
0.37 ± 0.11 0.23 ± 0.07 0.21 ± 0.09 
110 (26) 238 (87) 45 (6) 
65.45 76.47 75.56 
9.35 ± 1.76 8.59 ± 0.87 11.17 ± 5.62 
4.05 ± 0.97 5.66 ± 0.67 5.15 ± 2.94 
127 (28) 277 (49) 49 (14) 
22.05 18.41 28.57 
6.25 ± 1.62 7.74 ± 1.57 6 ± 1.98 
1.38 ± 0.42 1.37 ± 0.33 1.71 ± 0.68 
group relative to salinity class (oligohaline, G = 11.07; mesoha-
line, G = 22.509; polyhaline, G = 38.166; mixohaline, G = 21.99; 
P < 0.01, df = 1). Abundance relative to salinity was found to be 
significantly different only for bone worms (KW = 19.216, P < 
0.001, df = 3), with the highest number of worms found in poly-
and mixohaline waters. Fin worms, on the other hand, were found 
to be consistently abundant throughout the salinities (KW = 
4.947, P = 0.176, df = 3). Salinity did not have a significant effect 
on either bone or fin worm mean intensities (KW = 6.385, P = 
0.094; KW = 0.886, P = 0.829, df = 3, respectively). 
Prevalence, abundance, and intensity by time of year (Table v,. 
Fig. 7): There was a significant effect of time of year on the 
prevalence of infection by bone worms (G = 37.605, P < 0.001, df 
= 5) with a consistently high percentage of flounders (~70%) 
being infected from March through December. In contrast, fin 
worms showed a consistently low prevalence (less than 30%) 
throughout the year. Comparison of the prevalence of infection 
between the bone and fin muscle worms showed a significant 
difference for each wave except wave 1 (early winter), when less 
than 30% of the flounders were infected at either location within 
the host. In all other waves, the prevalence of infection by the 
bone worms was significantly higher than for fin worms (wave 2, 
G = 28.957; wave 3, G = 22.093; wave 4, G = 44.339; wave 5, G = 
23.20; wave 6, G = 24.38; P < 0.001, df = 1). Abundance of 
infection by bone worms was significantly different according to 
wave (KW = 22.574, P < 0.001, df = 5), with the highest 
abundance being in early spring (wave 2). Variation in the 
intensity of infection by bone worms was not significant (KW = 
3.744, P = 0.587), while variation in the abundance of infection 
by fin worms according to wave was also not significant (KW = 
5.754, P = 0.3315, df = 5). 
Prevalence, abundance, and intensity by fish size (Table VI; 
Fig. 8): The smallest fish infected by bone worms measured 
23 mm TTL, and there was a significant increase in the prevalence 
of these worms after fish reached 150 mm TTL, after which 
prevalence reached a plateau of about 80% for fish;;:: 150 TTL (G 
= 2.76, P = 0.7, df = 5), until an abrupt decrease to about 42% 
occurred in fish larger than 450 mm TTL (G = 10.675, P < 0.001, 
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TABLE V. Prevalence (P), mean intensity (1), and mean abundance (A) of philometrids according to their habitat in Paralichthys lethostigma and time 
waves. 1 = January-February, 2 = March-April, 3 = May-June, 4 = July-August, 5 = September-October; 6 = November-December; SE = standard 
error; N = number of fish observations; NI = number of fish infected. 
Habitat Parameter 2 
Teeth N (NI) 45 (6) 110 (15) 
P (%) 13.33 24.55 
I ± SE 2.17 ± 0.98 2.53 ± 0.60 
A ± SE 0.29 ± 0.16 0.43 ± 0.14 
Groove N (NI) 18 (0) 46 (10) 
P (%) 0 21.74 
I ± SE 0 1.7 ± 0.42 
A ± SE 0 0.37 ± 0.14 
Bones N (NI) 30 (11) 88 (41) 
P (%) 43.33 78.40 
I ± SE 7.91 ± 3.13 7.85 ± 1.22 
A ± SE 3.12 ± 1.40 5.46 ± 0.97 
Fin N (NI) 45 (13) 108 (28) 
P (%) 28.89 25 
I ± SE (NI) 3.31 ± 0.62 8.61 ± 2.05 
A ± SE 0.96 ± 0.29 2.23 ± 0.37 
df = 6). Abundance of infection by bone worms was significantly 
affected by the size of the fish (KW = 56.578, P < 0.001, df = 8) 
with a peak at fish of 250-300 mm in TTL. However, there was no 
significant difference in mean intensities among the fish size 
classes (KW = 13.185, P = 0.106, df = 8). The smallest fish 
infected by fin worms was 96 mm TTL and, among fish larger 
than 96 mm TTL, there was a significant difference in prevalence 
of infection by fin worms according to the size of the fish (G = 
4.34, P < 0.001, df = 8). In this case, prevalence peaked in fish of 
151-200 mm TTL, where over 50% of the fish were infected. 
There was a marked and progressive decrease of fish infected by 
fin worms in each size class larger than 200 mm TTL, with only 
4.4% of fish larger than 400 mm TTL being infected and with fish 
larger than 450 mm not being infected . Abundance of infection 
by fin worms was also significantly affected by the size of the fish 
(KW = 110.639, P < 0.001, df = 8), with a peak in fish of 151-
200 mm TTL. However, the size of the fish had no significant 
effect on mean fin worm intensities (KW = 5.106, P = 0.647). 
DISCUSSION 
Neither the molecular data nor the ecological data presented 
herein support the existing taxonomy for this group. In short, the 
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FIGURE 4. Prevalence of infection by teeth and groove philometrids 
(Philometra overstreetz) by time of the year. Infection by teeth worms was 
significantly higher than groove worms from March through October. 
Fish were not infected by groove worms in January-February, and 
infection by the worms at this location remained low throughout the rest 
of the year. 
3 4 5 6 
159 (33) 115 (32) 126 (22) 88 (13) 
35.22 37.39 34.92 17.04 
2.06 ± 0.26 3.47 ± 0.61 1.86 ± 0.21 3.85 ± 1.05 
0.5 ± 0.10 1.42 ± 0.31 0.47 ± 0.10 1.63 ± 0.23 
70 (17) 48 (8) 42 (4) 52 (9) 
22.86 16.7 9.52 17.3 
1.71 ± 0.25 1.88 ± 0.48 1.25 ± 0.25 1.67 ± 0.33 
0.41 ± 0.10 0.31 ± 0.13 0.12 ± 0.06 0.29 ± 0.10 
135 (26) 77 (25) 123 (41) 80 (20) 
66.67 83.12 69.11 53.75 
8.46 ± 1.2 7.48 ± 1.45 6.56 ± 1.11 10.15 ± 2.35 
3.01 ± 0.64 5.05 ± 1.14 4.48 ± 0.85 3.62 ± 1.05 
169 (38) 124 (22) 135 (31) 84 (12) 
23.08 18.55 23.7 14.29 
5.13 ± 1.13 11.41 ± 3.06 4.77 ± 1.04 6.42 ± 2.27 
1.95 ± 0.3 2.04 ± 0.67 1.1 ± 0.29 0.92 ± 0.40 
molecular analysis detects 4 distinct genetic clades that do not 
correspond to the current female-biased morphological-based 
taxonomic assignments for the group. However, and without 
exception, these 4 genetically-based clades corresponded to the 
observed habitat of the philometrids within their host, clearly 
indicating genetic isolation relative to site specificity for each 
clade. 
Genetically, worms found in the posterior bony groove of the 
branchial arches formed a clade that was the most divergent from 
the others (mean = 6.8%), with the clade formed by teeth worms 
showing the greatest average sequence divergence from groove 
worms (mean = 6.9%). This relatively high divergence (compared 
with within-clade divergences), combined with the reciprocal 
monophyly of each habitat/clade seen in the phylogenies (Fig. 1), 
suggests the taxonomy of these worms likely needs revision. 
Although these results disagree strongly with the current 
taxonomy, it would not be the first time that species of Philometra 
and Philometroides have been grouped together based upon 
genetic data. Thus, Wu et al. (2005) and Quiazon et al. (2008b) 
grouped Philometra clavaeceps with various species of Philome-
troides using 18S rDNA and ITS2 sequences. The latter authors 
suggested that the observed divergence may reflect host evolution, 
but this suggestion is invalid in our case since we are dealing with 
the same host species for all philometrid species. 
Wu et al. (2005) suggested that the presence of "bosses" on the 
surface of these worms is not a valid criterion for identification, 
despite it currently being a major characteristic distinguishing 
Philometra from Philometroides. Without going to this extreme, it 
is nevertheless clear that our results suggest that the morpholog-
ical characters of these 2 genera must be re-evaluated and new 
characters found and relied upon in female worms in order to 
change or make new species assignments in the future. It is, 
however, more than likely that no other such morphological 
criteria will be found, since it is not the lack of thoroughness in 
the study of these worms that is at the origin of the issue, but 
rather the paucity of female morphological features available on 
the worms for analysis and differentiation. Although philometrids 
seem to be highly specific for their habitat, and much more so 
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FIGURE 5. Prevalence of infection by teeth and groove philometrids 
(Philometra overstreeti) by class size of southern flounder. Infection by 
teeth worms showed a pregressive increase and reached a ~40% plateau 
when fish were larger than 200 mm total length. There was no significant 
effect of the size of the fish on infection by groove worms. 
than has been previously thought in light of the evidence 
presented herein, habitat cannot yet be considered a valid species 
or even generic criterion. An alternative and more valid solution 
should be to barcode and phylogenetically compare each 
philometrid "species" encountered. 
Significantly, these genetic findings were supported by the 
ecological data presented herein as well. Analysis of prevalences 
of infection showed no correlation between the genetically 
separated groups, which is direct support for the hypothesis that 
the clades represent different species. Although abundance and 
intensities are arguably specific factors that may depend on 
immune reaction or niche size, the prevalence of infection is a 
parameter that should, nevertheless, be similar to all members 
belonging to a single species when infecting the same host species 
in the same geographical area, which is not the case reported 
herein. 
Flounder philometrids are a particularly good model for the 
multidimensional approach used herein to analyze intra-host 
sympatric speciation, since the available niches are not saturated 
and intraspecific competition can, therefore, be ruled out as a 
factor resulting in overflow of worms into separate habitats 
within the host. When comparing the prevalence of infection of 
the specimens of the 2 genetic clades currently grouped together as 
P. overstreeti, it is clear that worms do not exhibit the same 
90 ,----------------------------------------------
80 +-----------------------------------------------
70 +-----------------1 
60 +--------1 
50 
40 
30 
20 
10 
o 
oligohaline mesohaline polyhaline mixohaline 
FIGURE 6. Prevalence of infection by bone and fin muscle philometrids 
(Philometroides paralichthydis) by salinity. Infection by bone worms was 
significantly higher than by fin worms at all salinities. However, there was 
no effect of salinity on prevalence of infection by worms at either habitat. 
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FIGURE 7. Prevalence of infection by bone and fin muscle philometrids 
(Philometroides paralichthydis) by time of the year. Infection by bone 
worms was significantly higher than by fin worms except in the winter 
(January-February). Infection by bone worms was consistently high from 
March through December, and infection by fin worms was consistently 
low throughout the year. 
population dynamics, i.e., groove worms were absent over the 
winter and showed no peak of infection within a particular fish 
age compared with those specimens infecting the teeth, which 
infected fish most often as they grew larger (up to a 200 mm TTL) 
and which were present throughout the year, with significantly 
higher prevalences from March through October (Fig. 4). The 
difference in the effect of salinity on the prevalence of infection by 
these 2 genetic clades reflected the same phenomenon, since larger 
fish live in higher salinity habitats. Another significant difference 
between the worms living in these 2 habitats rests with the fact 
that gravid and subgravid individuals also did not follow the same 
pattern. In this case, there was no difference in the occurrence of 
gravid and subgravid teeth worms over the course of the year, 
reflecting a likely constant recruitment throughout the year. This 
was in contrast to groove worms, which showed a more narrow 
time of recruitment, leading to a marked rise in the occurrence of 
gravid versus subgravid females. All of these differences are 
summarized in the observation that only about 6% of the 
flounders were infected concomitantly by teeth and groove 
worms. Similar discrepancies exist between the 2 clades that are 
currently grouped under the species P. paralichthydis. In this case, 
worms associated with the bones infected very young flounder 
(23 mm TTL), which are likely parasitized via the ingestion of 
infected copepods. These same worms, however, were found to 
also often infect larger flounders, which demonstrate that these 
bone worms were recruited throughout the life of the flounder, 
wherever it lived in the estuary. One may argue that the thick 
collagenous capsule present around each female may trap the 
worms for a long time, preventing them from releasing their 
larvae, thus explaining the high and consistent prevalence 
numbers. However, such an occurrence would lead to the 
presence of degraded worms in the capsules, which were never 
found, despite the observation of several hundred worms and 
concerted histological analysis of the host/parasite interface as 
part as an earlier study (de Buron and Roumillat, 2010). In 
contrast, individuals of P. paralichthydis associated with the fin 
muscles had a very different pattern of infection compared with 
those associated with the fish buccal bones. In short, fin worms 
were found to first occur in older fish (minimum 96 mm TTL) that 
were already icthyophageous, and thereafter to infect mostly 
medium sized fish (up to 200 mm TTL). Contrary to bone worms, 
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FIGURE 8. Prevalence of infection by bone and fin muscle philometrids 
(Philometroides paralichthydis) by class size of southern flounder. 
fin worms were never found in larger fish. Further, although 
salinity had no effect on prevalence of infection by either clade, 
flounder were consistently and significantly more often infected 
by bone worms wherever they were captured in the estuaries. 
Similarly, flounder were significantly more often infected by bone 
worms most of the year (March through December), whereas a 
much lower percentage of fin worms were present in fish 
throughout the year (Fig. 7). As noted for the clades comprising 
P. overstreeti, all these population level factors can be summa-
rized in the simple fact that only about 20% of the flounders were 
infected in both habitats concomitantly. 
Overall, the prevalence data presented herein show a significant 
difference in the ecology of the parasites within the context of the 
ecology of the host. Flounders spawn offshore and larvae are 
recruited inshore over the winter. Very young flounder are found 
in the less saline creeks and marshes of the upper estuaries and, as 
they grow and age, migrate to higher salinity areas (Wenner et aI., 
1990). Although large flounder are also found in the fresher 
waters of the estuarine rivers, it is not known whether they form a 
different population or whether they make short migrations 
within the estuaries. Additionally, the diet of the southern 
flounder is known to change throughout the life of the fish 
(Wenner et aI., 1990). They initially feed on grass shrimp 
(Palaemonetes pugio) throughout most of their early upper 
estuarine life, but they become ichthyophageous after reaching 
50 mm TTL, feeding abundantly on mummichogs (Fundulus 
heteroclitus) until they reach about 200 mm TTL. Spot (Leistomus 
xanthurus) are a concomitant food item, but in much lesser 
proportion in fish 50-200 mm TTL, but thereafter becoming 
predominant in the diet in flounder 201-400 mm TTL. Flounder 
larger than 400 mm still feed on spot, but in much lesser 
proportion than on striped mullet (Mugil cephalus), which become 
the most abundant prey item in these larger, older fish (Wenner et 
aI., 1990). 
Our data also reflect differential infection parameters by the 4 
clades in association with the ecology of the flounder. These data 
show that the fish become infected with bone worms when very 
young (23 mm TTL), likely via direct ingestion of small 
intermediate hosts such as copepods, which are known to be 
intermediate hosts for philometrids. These worms may then use 
paratenic hosts, such as spot or stripped mullet, which also 
migrate down the river into the higher salinity lower estuary 
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during the spring. This would explain the consistent infection of 
larger flounder captured at higher salinities. It should not be 
discounted, however, that grass shrimp might also be paratenic 
hosts, since these make up a major food item in fish smaller than 
200 mm TTL and are also continuously consumed, although to a 
much lesser degree, by larger flounder. Worms that are associated 
with the teeth of the flounder seem to follow a similar pattern, 
with worms also infecting very young flounder (minimum 69 mm 
TTL) in the fresher waters of the estuaries. Interestingly, the 
prevalence of infection by teeth and bone worms, the most 
closely-related genetic clades with only a 3.8% sequence 
divergence average, was very similar regarding all parameters 
examined. It is thus possible that they share some of the same 
paratenic hosts with a nevertheless broader distribution for the 
bone worms that significantly infect more flounder than do the 
teeth worms. This idea of an overlap of paratenic hosts is 
supported by the fact that almost 37% of the fish infected by 
either bone orland teeth worms exhibited concomitant infection 
and a significant increase in recruitment in early spring (Figs. 4, 
7). Infection by members of the 2 other clades likely also involves 
the use of paratenic hosts as the fish become older (greater than 
96 mm TTL in both cases) and ichthyophageous. Although 
infection by neither of these 2 clades was affected by salinity, i.e., 
localization of the fish in the estuaries, it is important to note that 
the worms infecting the fin muscles showed a peak of infection in 
medium size fish (150-200 mm TTL) that did not occur for the 
groove worms, which were consistently found to infect all sizes of 
flounder but at a significantly lower intensity. This phenomenon 
also seems to reflect the feeding behavior of the flounder, which 
becomes increasingly infected by fin worms until they are about 
200 mm TTL, the size threshold when they switch diet from 
mummichogs to spots and, later, to striped mullets (Wenner et a!., 
1990). The pattern of infection by fin and bone worms that we 
observed suggests that flounder switch diet and "give up" prey 
items that happen to be the paratenic hosts specific to the fin 
worms after the fish reach 200 mm TTL and that paratenic hosts 
for bone worms must span the life time of the flounder. This idea 
is supported by the fact that most flounder infected by fin worms 
are also infected by bone worms, but that numerous flounders are 
infected by bone worms only. Based upon this observation, we 
hypothesize that mummichogs may be primary paratenic hosts of 
fin worms, whereas spots, which have a much broader distribu-
tion than mummichogs and are particularly abundant prey items 
for flounders larger than 200 mm TTL, seem to match the profile 
of a putative paratenic host of the bone worms. Regarding groove 
worms, flounders likely become infected by consuming various 
prey items that transport groove worm larvae at a much lower 
rate. Likely prey items may be those fishes that are continuously 
available both throughout the year and the estuary but that are 
much less often consumed, such as croaker and gobies (Wenner et 
a!. 1990). Alternatively, based on the similarity of patterns of 
infection of fin and groove worms, it cannot be excluded that 
these worms may share the same "paratenic" host species, which 
would bring further support to the hypothesis that they are 
different species. 
Our data, including ecological parameters, population dynam-
ics, habitat within the host, and mtDNA barcoding, indicate the 
presence of 4 separate philometrid species within the southern 
flounder. Moreover, these results indicate that the habitat of 
philometrids in their host is a key factor that can be used to 
complement the morphological study of female worms during the 
taxonomic assignment of species. As such, it is clearly necessary to 
use such tools to determine the correct species diversity in this 
group of nematodes in the absence of male worms. It would be, 
however, most invaluable to understand both the genetic origin of 
habitat diversity and the functional mechanisms for the basis of 
habitat selection in this group in order to integrate such data into 
the taxonomy in the future. 
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GENETIC AND MORPHOLOGICAL EVIDENCES FOR THE EXISTENCE OF A NEW SPECIES 
OF CONTRACAECUM (NEMATODA: ANISAKIDAE) PARASITE OF PHALACROCORAX 
BRASILIANUS (GMELlN) FROM CHILE AND ITS GENETIC RELATIONSHIPS WITH 
CONGENERS FROM FISH-EATING BIRDS 
Lucas Garbin, Simonetta Mattiucci*, Michela Paoletti*t, Daniel Gonzalez-Acuiia:j:, and Giuseppe Nascettit 
Centro de Estudios Parasitol6gicos y de Vectores (CEPAVE), Calle 2 N°584, 1900 La Plata, Argentina. e-mail: Igarbin@cepave.edu.ar 
ABSTRACT: Contracaecum australe n. sp, is described from the Neotropic cormorant Phalacrocorax brasilianus in Chile based on 
morphology and the sequence analyses of multiple loci, i.e., mitochondrial cytochrome oxidase 2, mtDNA cox-2, the small subunit of 
the mitochondrial ribosomal RNA gene, rrnS, and the ITS-l and ITS-2 regions of nuclear ribosomal DNA. Moreover, sequence 
analysis of the same genes was carried out on the morphospecies Contracaecum chubutensis Garbin et al. (2008) from Phalacrocorax 
atriceps. Further, genetic relationships are presented between C. australe n. sp. and C. chubutensis with respect to the related congeners 
from fish-eating birds previously characterized genetically on the same genetic markers, i.e" Contracaecum rudolphii A, B, C, D, and E, 
Contracaecum septentrionale, Contracaecum microcephalum, Contracaecum bioccai, Contracaecum pelagicum, Contracaecum micro-
papillatum, Contracaecum gibsoni, and Contracaecum overstreeti. Several phylogenetic analyses (MP, NJ, and BI) inferred from 
mitochondrial genes (cox-2, rrnS) were congruent in depicting C. australe n. sp. and C. chubutensis as forming distinct clades, highly 
supported, from the remainder of the Contracaecum taxa considered; thus, it validates their specific status. Further, analyses of the 
ITS-l and ITS-2 sequence data of C. australe n, sp, and C. chubutensis supported their distinction with respect to the 2 sibling species, 
C. rudolphii D and C. rudolphii E, previously detected from Phalacrocoracidae of Australia. Morphological analysis and the differential 
diagnosis of male specimens of C. australe n. sp. enabled the detection of differences in a number of characters, including spicule 
length, peculiar shape of male tail, paracloacal papillae disposition, and shape and bifurcation depth of interlabia. According to the 
genetic and morphological results obtained, the erection of a new taxon from fish-eating birds of the Austral region is given and its 
formal description is presented, Phylogenetic trees support both C. australe n, sp, and C. chubutensis as being included in the same 
clade with the previously detected species from cormorants, i.e., C. rudolphii A, B, C, and C. septentrionale. The finding of C. australe 
n. sp. and C. chubutensis parasites of Ph. brasilianus and Ph. atriceps, respectively, appears to support a host-parasite association 
between the c. rudolphii A, B, and C, C. septentrionale, C. chubutensis, and C. australe n. sp. and different species of cormorants 
belonging to Phalacrocorax. 
Species of Contracaecum Railliet and Henry, 1912 are parasites 
of aquatic organisms in freshwater, brackish, and marine 
ecosystems. Definitive hosts are usually piscivorous birds and 
pinnipeds (Anderson, 2000; Mattiucci et al., 2008; Mattiucci and 
Nascetti, 2008). Among the fish-eating birds, various species of 
cormorants (phalacrocoracidae) from all over the world have 
been reported as definitive hosts of these nematodes (Anderson, 
2000; Mattiucci et aI., 2008). The Neotropical cormorant, 
Phalacrocorax brasilianus (Gmelin, 1789) (Pelecaniformes: Pha-
lacrocoracidae) lives in both freshwater and marine environments 
(Harrison, 1985) and is widely distributed from southern South 
America, i.e., Argentina and Chile, to Texas, North America 
(Morrison et aI., 1979; Araya and Millie, 1991; Telfair and 
Morrison, 1995). Cormorant chicks (Phalacrocorax spp.) may be 
seriously affected by diseases of parasitic origin, mainly due to the 
habit of food regurgitation from parents to their chicks (Kuiken 
et aI., 1999). 
There are few records of Contracaecum spp. parasitizing 
cormorants in South America. Contracaecum travassosi Gutierrez, 
1943, was originally described as a parasite of Phalacrocorax 
atriceps albiventer Lesson from the Peninsula Valdes, Argentinean 
Sea coast (Gutierrez, 1943), and later it was found in the 
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proventriculus of Ph. brasilianus off the Uruguayan coast (Lent 
and Freitas, 1948). Malacalza et al. (1998) reported Contracaecum 
sp. in regurgitated pellets of Ph. a. albiventer from the Chubut 
coast, Argentina. Garbin et al. (2008) described Contracaecum 
chubutensis parasitizing Ph. atriceps King in the same area. In 
addition, Contracaecum pelagicum was found in 2 marine birds, 
Spheniscus magellanicus Forster and Thalassarche melanophris 
Temminck (Diomedeidae) (Garbin et al., 2007). Recently, C. 
pelagicum was recorded in Ph. atriceps on the Punta Leon coast, 
Chubut, Argentina (Garbin, 2009). 
The genetic characterization of the latter species has been 
recently provided in comparison with other species of the genus' 
parasites of aquatic birds (Mattiucci et al., 2008). The species of 
Contracaecum reported in Ph. brasilianus to date include 
Contracaecum caballeroi Bravo Hollis, 1939, described in Ph. 
brasilianus from off the Uruguayan sea coast (Lent and Freitas, 
1948). Vicente et al. (1996) provided a concise description of 4 
specimens of Contracaecum spiculigerum (= C. rudolphii) collected 
from Ph. brasilianus and Anhinga anhinga (Linnaeus, 1758) from 
Mato Grosso and Rio de Janeiro, Brazil. Specimens of 
Contracaecum rudolphii (s. 1.) and larval stages of Anisakis and 
Pseudoterranova species were found in the proventriculus of Ph. 
brasilianus, with species of Anisakis being the most abundant 
(Torres et aI., 2000, 2005). Amato et al. (2006) redescribed C. 
rudolphii from Ph. brasilianus occurring in Rio Grande do SuI, 
southern Brazil. 
Genetic data inferred from allozymes (Bullini et aI., 1986; 
Mattiucci et al., 2002, 2008, 2010), the direct sequencing of 
mtDNA cox-2 gene (Mattiucci et al., 2008, 2010), the SSCP 
analysis of the first (ITS-I) and second (ITS-2) internal 
transcribed spacers (ITS of the ribosomal DNA (rDNA) (Li et 
aI., 2005), and the PCR-based RFLP analysis of the same gene 
476 
GARBIN ET Al.-CONTRACAECUM AUSTRALE N. SP. IN PHALACROCORAX BRASIL/ANUS 477 
(D' Amelio et al., 2007; Zhu et al., 2007) were used to identify 2 
sibling species of the c. rudolphii s. l. complex, referred to as C. 
rudolphii A and B. Genetic evidence based on the small subunit of 
the mitochondrial ribosomal RNA gene (rrnS), by PCR-based 
RFLP analysis of the same gene and of the internal transcribed 
spacers (ITS) of nuclear ribosomal DNA (D' Amelio et al., 2007), 
permitted the detection of a further sibling species of the C. 
rudolphii complex, which was designated as C. rudolphii C from 
Phalacrocorax auritus Lesson, in Florida. More recently, another 
2 siblings, C. rudolphii D and C. rudolphii E from Phalacrocorax 
carbo and Phalacrocorax various (Gmelin) in Australia (Shamsi et 
al., 2009a, 2009b) were genetically characterized using sequence 
analysis of the ITS-l and ITS-2 regions of rDNA; their 
morphological descriptions were also provided (Shamsi et al., 
2009a, 2009b). 
Combining different genetic-molecular and morphological 
evidence, it was also possible to discover and describe new taxa 
of Contracaecum as parasites of aquatic birds, i.e., Contracaecum 
bioccai Mattiucci, Paoletti, Olivero-Verbel, Baldiris, Arroyo-
Salgado, Garbin, Navone, and Nascetti, 2008 from Pelecanus 
occidentalis (L.) in Colombia and Contracaecum pyripapillatum 
Shamsi, Gasser, Beveridge, and Shabani, 2008 from Pelecanus 
conspicillatus (Temminck) in Australia. Contracaecum gibsoni 
Mattiucci, Paoletti, Consuegra-Solorzano, and Nascetti, 2010 and 
Contracaecum overstreeti Mattiucci, Paoletti, Consuegra-Solor-
zano, and Nascetti, 2010 co-infected Pelecanus crispus (L.) in 
Greece (see Mattiucci et al., 2010). 
In the present paper, we analyzed morphological and molecular 
data inferred from the sequence analysis of the mitochondrial 
cytochrome oxidase 2 gene (mtDNA cox-2), the mitochondrial 
ribosomal RNA gene (rrnS), and the internal transcribed spacers 
of nuclear ribosomal DNA (ITS-l and ITS-2 regions). The effort 
was designed to: (1) demonstrate the presence-absence of a new 
Contracaecum taxon in the Neotropical cormorant Ph. brasilianus 
(Gmelin) off the Chile coast; (2) genetically characterize the C. 
chubutensis thus far only morphologically described (Garbin et 
al., 2008); and (3) compare the genetic relationships of several 
Contracaecum species parasitizing cormorants and other fish-
eating birds from different regions of the world. 
MATERIALS AND METHODS 
Parasite material 
Four dead Ph. brasilianus from a breeding colony of the Santa Elena 
lagoon, VIII Region, Chile (3T15'S, 72°28'W) were necropsied during 
2006-2008. Specimens of C. chubutensis were collected from Ph. atriceps at 
Bahia Bustamante, Chubut Province, Argentina (45°11 'S, 66°30'W). 
During necropsy, their entire digestive tracts were removed and frozen at 
- 20 C until they could be examined. After thawing, their contents were 
washed with water on a sieve with a mesh of 0.25 mm and the sediment 
was placed in Petri dishes. Isolated nematodes were fixed and stored in 
70% ethanol until morphological and genetic analyses could be 
undertaken. 
Morphological study 
Thirty adult nematodes (20 males and 10 females) of Contracaecum spp. 
collected from Ph. brasilianus were examined morphologically. For each 
adult specimen, the overall body length was measured directly. The middle 
part of the body was then separated from the rest of the body and used to 
genetically characterize the individual specimens by sequencing of the 
mtDNA cox2 gene. The anterior and posterior parts were then cleared and 
mounted in lactophenol (1:1) for morphological studies. Specimens were 
studied using a compound microscope (XI00--400) and a drawing 
apparatus. Measurements are presented in mm, except where indicated. 
Several characters considered diagnostic for anisakid nematodes (Fager-
holm, 1989, 1991; Paggi et aI., 2000) were analyzed, including interlabial 
structure, the pattern of distribution of male caudal papillae, spicule 
length and tip shape, and the size and pattern of the caudal papillae, all of 
which were labelled according to the nomenclature proposed by 
Fagerholm (1989). To consider allometric variation, spicule length 
measurements were related to either total body length or to tail length. 
In addition, a cecum to appendix ratio was obtained. 
Some specimens were dried by the critical point method, then observed 
and photographed using an SEM (Jeol® JSV 6063 LV, Jeol Ltd., Akishma 
City, Tokyo, Japan). Holotype, allotype, and paratype specimens were 
stored in 70% ethanol and deposited in the Helminthological Collection of 
Museo de La Plata (CHMLP). 
DNA amplification and sequencing 
The 519-bp fragment of the mitochondrial cytochrome oxidase 2 gene 
(mtDNA cox-2) was analyzed from 6 specimens of C. chubutensis n. sp. 
and from 12 of the new species. A 470-bp fragment of the small subunit of 
the mitochondrial ribosomal RNA gene (rrnS) was analyzed in 6 
specimens of C. chubutensis and in 6 of the new species. A 451-bp 
fragment of the ITS-I and 284 bp of the ITS-2 regions were analyzed in 3 
specimens of C. chubutensis and 3 of the new species. The total DNA was 
extracted from 2 mg of tissue from a single nematode using the Wizard 
Genomic DNA Purification Kit (Promega, Madison, Wisconsin) or 
cetyltrithylammonium bromide (Valentini et aI., 2006). The cox-2 gene 
from each specimen of Contracaecum was amplified according to the 
procedures as reported in Mattiucci et al. (2010) with the primers 211F 
5'-TTTTCTAGTTATATAGATTGRTTYAT-3' and2IOR5'-CACCAA-
CTCTTAAAATTATC-3' from Nadler and Hudspeth (2000) spanning the 
mtDNA nucleotide position 10,639-11,248 as defined in Ascaris suum 
(GenBank X54253). 
Polymerase chain reaction (peR) 
Amplification was carried out in a volume of 50 III containing 30 pmo1 
of each primer, MgCl2 2.5 mM (Amersham Pharmacia Biotech Inc., 
Piscataway, New Jersey), PCR buffer Ix (Amersham), DMSO 0.08 mM, 
dNTPs 0.4 mM (Sigma-Aldrich, St. Louis, Missouri), 5 U of Taq 
Polymerase (Amersham), and 10 ng of total DNA. The mixture was 
denatured at 94 C for 3 min followed by 34 cycles at 94 C for 30 sec, 46 C 
for 1 min and 72 C for 1.5 min, followed by post-amplification at 72 C for 
10 min. The PCR product was purified using PEG precipitation and 
automated DNA sequencing was performed by Macrogen Inc. (Seoul, 
Korea) using primers 210 and 211. 
The amplification of the small subunit of the mitochondrial ribosomal 
gene, rrnS, was performed according to the procedures reported in 
D'Amelio et al. (2007) with the primers MH3 (forward; 5'-TTGTTCCA-
GAATAATCGGCTAGACTT-3') and MH4.5 (reverse; 5'-TCTACTT-
TACTACAACTTACTCC-3'). The PCR conditions were as follows: 
10 min at 95 C (initial denaturation), 35 cycles of 30 sec at 95 C 
(denaturation), 30 sec at 55 C (annealing), 30 sec at 72 C (extension), and a 
final elongation step of 7 min at 72 C. 
The amplification of the ITS-1 region was carried out according to the 
procedure reported in Shamsi et al. (2009a, 2009b) with the primers sets 
SSl (forward; 5'-GTTTCCGTAGGTGAACCTGCG-3') and NC13R 
(reverse; 5'-GCTGCGTTCTTCATCGAT-3') and the ITS-2 region with 
the primers sets SS2 (forward; 5'-TTGCAGACACATTGAGCACT-3') 
and NC2 (reverse; 5'-TTAGTTTCTTTTCCTCCGCT-3'). The PCR was 
performed in 10 mM Tris-HCI, pH 8.4, 50 mM KCI, 3 mM MgCI2, 
250 IlM each of dNTP, 50 pmol of each primer, and 1.5 U Taq polymerase 
(Promega) in a thermocycler using the following conditions: 4 C for 5 min 
(initial denaturation), followed by 30 cycles at 94 C for 30 sec 
(denaturation), at 55 C for 30 sec (annealing), at 72 C for 30 sec 
(extension), and a final extension at 72 C for 5 min. The PCR products 
were examined on a 1 % agarose gel, stained with 1.5 III of Gel-Red 
(Biotium Inc., Hayward, California), and analyzed using a gel documen-
tation system. Reference specimens and isolated DNA samples are stored 
at the Department of Public Health and Infectious Diseases, of the 
Sapienza - University of Rome, Rome, Italy. 
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The sequences of the specimens of Contracaecum spp. from Ph. 
brasilianus and C. chubutensis in Phalacrocorax atriceps were compared 
to those already obtained in our previous studies on mtDNA cox2 
deposited in GenBank. Sequences examined were from the 2 sibling 
species of C. rudolphii (s. I.) complex, i.e., C. rudolphii A and C. rudolphii B 
of Bullini et al. (1986) from the Eurasian subspecies of the great cormorant 
Phalacrocorax carbo sinensis (Blumenbach) from Italian coastal lagoons; 
C. bioccai Mattiucci, Paoletti, Olivero-Verbel, Baldiris, Arroyo-Salgado, 
Garbin, Navone, and Nascetti, 2008, from the brown pelican P. 
occidentalis (L.) in Colombia; Contracaecum septentrionale Kreis, 1955 
from Phalacrocorax aristotelis (L.) off Norway; Contracaecum micro-
cephalum (Rudolphi, 1809) from Phalacrocorax pygmaeus (L.) off 
Montenegro; Contracaecum micropapillatum (Stossich, 1890) sampled in 
the white pelican Pelecanus onocrotalus (L.) in Egyptian waters; C. 
pelagicum Johnston and Mawson, 1942 from S. magellanicus (Forster) off 
Argentina; and, finally, C. gibsoni Mattiucci, Paoletti, Consuegra-
Solorzano, and Nascetti, 2010, and C. overstreeti Mattiucci, Paoletti, 
Consuegra-Solorzano, and Nascetti, 2010 from the Dalmatian pelican, P. 
crispus, off the coast of Greece. 
The sequences of the mitochondrial rrnS region of the ribosomal DNA 
obtained for the specimens of Contracaecum from Ph. brasilianus and C. 
chubutensis from Ph. atriceps were compared to those already obtained for 
C. rudolphii C from Ph. auritus and deposited in GenBank. Sequences 
obtained in the present study for Contracaecum spp. included, for 
comparative purposes: C. rudolphii A, C. rudolphii B, C. bioccai, C. 
septentrionale, C. microcephalum, C. micropapillatum, C. pelagicum, C. 
gibsoni, and C. overstreeti. 
Finally, the sequences ofITS-I and ITS-2 regions of the rDNA obtained 
for Contracaecum from Ph. brasilianus and C. chubutensis were also 
compared with those previously obtained for the same gene from C. 
rudolphii D and C. rudolphii E isolated from Ph. carbo and Ph. various, 
respectively. 
Sequence analysis 
The cox-2 and rrnS sequences obtained were aligned using Clustal X 
(Larkin et aI., 2007). Phylogenetic scrutiny was performed using maximum 
parsimony (MP) and neighbor-joining (NJ) analyses, based on p-distance 
values, by PAUP* (Swofford, 2003) for mtDNA cox-2 and rrnS datasets. 
The optimal evolution schematic for the datasets was the GTR+I+G 
model, as determined by using Akaike Information Criterion (AIC) 
(Posada and Buckley, 2004), and implemented in the software Modeltest 
3.6 (Posada and Crandall, 1998) among 56 possible alternative models. 
The parameters for the model inferred from the mtDNA cox2 sequences 
data were the proportion of invariable sites (I) = 0.6020, distribution 
shape parameter (Ot) = 0.8138, and nucleotide frequencies A = 0.19, C = 
0.07, G = 0.27, T = 0.47. The parameters for the model inferred from rrnS 
rDNA were the proportion of invariable sites (I) = 0.5937, distribution 
shape parameter (Ot) = 0.7905, and nucleotide frequencies A = 0.20, C = 
0.06, G = 0.27, T = 0.47. The reliabilities of the phylogenetic relationships 
were evaluated using nonparametric bootstrap analysis (Felsenstein, 1985) 
for the MP and NJ trees. Bootstrap values 2::70 were considered well 
supported (Hillis and Bull, 1993; Morrison, 2006). 
Bayesian inference (BI) analysis (Larget and Simon, 1999) was 
performed using MrBayes 3.1 (Huelsenbeck and Ronquist, 2001) on full 
consensus sequences. The optimal evolution model of our dataset for the 
Bayesian analysis was determined using Akaike Information Criterion 
(AIC) (Posada and Buckley, 2004), as implemented in the software Model 
test 3.7 (Posada and Crandall, 1998) associated with PAUP* (Swofford, 
2003). This analysis supported GTR+I+G as the best-fit substitution 
model for the data. The parameters for the model inferred were the 
proportion of invariable sites (I) = 0.6020, distribution shape parameter 
(Ot) = 0.8524, and nucleotide frequencies A = 0.19, C = 0.07, G = 0.27, T 
= 0.45. For Bayesian analysis, 4 incrementally heated Markov chains 
(using default heating values) were run for 1,000,000 generations, 
sampling the Markov chains at intervals of 100 generations. Of 20,002 
samples summarized from 2 runs, 19,502 were included in the analysis. 
Posterior probabilities were estimated and used to assess support for each 
branch in inferred phylogenies; probabilities where P < 0.05 were 
indicative of significant support (Reeder, 2003). 
The sequences of Contracaecum from Ph. brasilianus and C. chubutensis 
from Ph. atriceps from Argentina were compared to those already 
obtained for mtDNA cox-2 for Contracaecum spp. from waterbirds in our 
previous studies (Mattiucci et aI., 2008, 2010) and deposited in GenBank 
with the following accession numbers: EF513501, EF513502, EF513503, 
EF513505, EF558891, EF122202, EF535570 (c. rudolphii sp. A); 
EF558894, EF558896, EF513506, EF513507, EF513509, EU852349 (c. 
rudolphii sp. B); EF122205, EF513512, EF513513 (c. septentrionale); 
EF122208, EF5135017, EF5135018, EF513519 (c. microcephalum); 
EF122206, EF122207, EF513514, EF513515, EF513516, EU852350 (c. 
micropapillatum); EF513494, EF513495, EF558899, EF513497, EF513498, 
EF513499 (c. bioccaz); EF12221O, EF535568, EF535569 (c. pelagicum); 
EU852337-EU852342 (c. gibsom); and EU852343-EU852348 (c. over-
streeti). 
Further, for a genetic comparison with other Contracaecum spp. so far 
described from other fish-eating species of Phalacrocorax, the sequences 
obtained for the mitochondrial gene rrnS in the present study were 
compared with those available for I specimen of C. rudolphii C 
(EFOI4283) deposited in GenBank. Finally, the sequences obtained for 
the ITS-I and ITS-2 regions of the rDNA were compared with those of C. 
rudolphii D and C. rudolphii E, retrievable from GenBank under the 
accession numbers: FM210251, FM210252, FM210253, FM210262, 
FM210263, FM210264, FM210258, E-FM210259, FM210260, 
FM210270, FM210271, and FM210272. Sulcascaris sulcata from Caretta 
caretta of the Mediterranean Sea was included as outgroup to root the 
phylogenetic trees (GenBank HQ328505). 
DESCRIPTION 
Contracaecum australe n. sp. 
(Fig. 1; Tables I, II) 
General morphology (20 adult specimens: 10 males and iO females from 
Santa Elena lagoon, VIII Region, Chile): Body entirely transversally 
striated (Fig. la, b, e, g). Conspicuous cephalic collar with V-shaped 
lateral region without striations (Fig. la, b). Three bifurcated interlabia 
(Fig. la--c). Lips longer than interlabia with I shallow apical notch 
(Fig. la, c). Lips with 2 conspicuous and lobed auricles, each with 2 
prominent sensory pits at external end (Fig. la--c). Lip papillae present, 2 
on the dorsal lip and I on each ventrolateral lip (Fig. la, c). Ventriculus 
with solid posterior appendix, intestinal cecum well developed, longer than 
ventricular appendix. 
Male (holotype): Body length 27.28. Maximum body width 0.78. 
Distance from anterior end to nerve ring and deirids 0.61 and 0.63, 
respectively. Esophagus length 3.76; intestinal cecum length 2.48; 
ventriculus length 0.23; ventricular appendix length 1.25, cecum to 
appendix ratio 1.98. Spicules of equal length reaching almost half of 
body length. Spicule length 13.20; body to spicule length ratio 2.07. Tail 
length 0.24. Caudal extremity conical, bearing 27 to 32 precloacal papillae 
pairs. Pts-zone (= first 25 precloacal transverse striae) including 2 pairs 
precloacal papillae (Fig. Ie). Six pairs postcloacal papillae: 2 large 
subventral paracloacal pairs side by side, 2 subventral pairs, 2 sublateral 
pairs. One pair of phasmids between both sublateral papillae pairs 
(Fig. Ie, g). Cuticular constrictions on caudal extremity between 
precloacal papillae (Fig. Ie, g). Marked distal tail constriction between 
postparacloacal and subventral papillae (Fig. If, arrow). Median plaque 
(median papilla) very conspicuous lying on anterior cloaca rim (Fig. Ig, 
arrow). Spicule distal tip extended and rounded; length of free distal end 
shorter than spicule width (0.02 vs. 0.03) (Fig. Id). Spicule wings slope 
distally toward shaft and insert at different points (Fig. ld) (male 
paratypes, see Table 1.). 
Female (allotype): Body length 37.31. Maximum body width 1.03. 
Distance from anterior end to nerve ring and deirids 0.62 and 0.71, 
respectively. Esophagus length 3.63; intestinal cecum length 2.57; 
ventriculus length 0.27; ventricular appendix length 0.78. Vulva in anterior 
half of body. Distance from anterior end to vulva 9.58. Tail length 0.49. 
One pair of distal phasmids. Embryonated egg diameter 0.07. (Female 
paratypes, see Table II). 
Taxonomic summary 
Hosts: Phalacrocorax brasilianus (Gmelin, 1789) (Phalacrocoracidae). 
Localities: Santa Elena lagoon, Vln Region, Chile. 
infection sites: Stomach. 
Prevalence: Four of 4 infected (100%). 
Mean intensity and range: 21.3 (4-87). 
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FIGURE I. Contracaecum australe n. sp. from Ph. brasilianus from Santa Elena lagoon. (a) Anterior end apical view. (b) Anterior end, laterodorsal 
view, cephalic collar, dorsal lip, interlabia, cephalic lip papillae, lip auricles, auricle tips, and V-shaped lateral region without striations. (c) Bifid 
interlabia, showing bifurcation (arrow), and lip auricle tip. (d) Distal spicule end, lateral view. (e) Posterior male end, precloacal and postcloacal papillae 
distribution: al-a2 = distal subventral papillae, a3- a4 = distal sublateral papillae, b = paracloacal papilla pair, d = proximal precloacal papillae, p = 
phasmid. (f) Posterior male end, precloacal papillae, postcloacal papillae, distal ta il constriction (arrow). (g) Posterior male end, precloacal papillae, 
medial plaque (arrow). 
TABLE 1. Morphometrical data of Contracaecum australe n. sp. male specimens from Phalacrocorax brasilianus from Santa Elena lagoon, VIII Region, Chile. 
Species 
Contracaecum Contra caecum Contracaecum 
Contracaecum australe chubutensis caballeroi Contracaecum rudolphii C. rudolphii travassosi C. travassosi 
n. sp. Garbin et aI., 2008 Bravo Hollis, 1939 Hartwich, 1964 Hartwich, 1964 Gutierrez, 1943 Gutierrez, 1943 
References' Present paper Garbin et aI., 2008 Lent and Freitas, 1948 Hartwich, 1964 Amato et ai, 2006 Gutierrez, 1943 Morgan et aI., 1949 
Type host Ph. brasilianus Ph. atriceps Anhinga anhinga Ph. carbo Ph. albiventer Pandion haliaetus 
(= Ph. atriceps) carolinensis 
Other hosts Ph. brasilianus Phalacrocorax spp. Phalacrocorax spp. Ph. brasilianus Ph. brasilianus 
Phalacrocoracidae Phalacrocoracidae 
Charadriiformes Charadriiformes 
Ciconiiformes Ciconiiformes 
Localities VIII Region, Chile Bahia Bustamante Mexico Various Various Chubut coast, United States 
Chubut, Argentina Uruguay Argentina 
Males (n) 10 10 3 39 30 No data 5 
Body L 23.24 (13.90-28.40) 25.06 (14.32-38.58) 24.29-26.97 12.10-33.90 25 (18-31) 16.10-25.40 42 (34-58) 
Maximum body W 0.75 (0.64-0.93) 0.77 (0.43--0.98) 0.53--0.64 0.24-0.95 0.48 (0.31-0.60) 0.70-1.10 0.74 (0.58--0.85) 
Nerve ring (DAE) 0.63 (0.58-0.68) 0.52 (0.36--0.60) 0.43--0.45 0.45-0.64 0.61 (0.49--0.70) 
Deirids (DAE) 0.65 (0.58--0.79) 0.64 (0.46-0.84) 0.44-0.48 
Esophagus L 3.62 (2.62-4.60) 3.39 (2.32-4.50) 3.18-3.48 2.03-4.26 3.10 (2.40-3.80) 2.80-4.10 4.6 (3.5-7.0) 
Intestinal cecum L 2.41 (1.56-3.24) 2.25 (1.50-2.76) 2.71-3.01 1.53-3.68 2.40 (2.1 0-2.90) 1.90-3.20 3.1 (2.1-4.4) 
Ventriculus L 0.28 (0.2-0.38) 0.23 (0.13-0.30) 0.10-0.10 
Ventricular appendix L 1.17 (0.87-1.41) 0.67 (0.46-0.80) 0.51-0.61 1.00 (0.80-1.20) 0.74-1.30 
Spicule L 11.97 (9.60-15.88) 9.95 (6.40-12.60) 0.90-1.09 R: 4.46-9.19 R: 6.20 (4.50-7.50) 7.70-11.10 R: 8.9 (7.2-11.4) 
L: 4.05-9.98 L: 7.10 (5.90-8.20) L: 9.4 (7.5-12.9) 
Tail L 0.22 (0.18-0.24) 0.20 (0.17-0.26) 0.13-0.15 0.14-0.24 0.21 (0.14-0.24) 0.19-0.26 0.30 (0.26--0.38) 
PrPP 27-32 35-43 40 27-43 30 26-30 30 
BL:MBW 28.31-39.12 (34.12) 33.19 (27.68-39.32) 42.14-45.83t 52.3 (29.4-98.1) 52.9 (47.9-68.6) 23.00-23.09t 58.62-68.23t 
BL:EL 6.03-8.87 (7.14) 7.33 (6.15-9.27) 7.64-7.75t 8.01 (5.25-10.78) 7.1-10.9 (8.1) 5.75-6.19t 8.28-9.7It 
BL:TL 97.92-138.89 (117.42) 124 (83.74-214.32) 179.80-186.84t 131.8 (74.1-197.2) 91.3-145.5 (122.7) 84.74-97.69t 130.76-152.63t 
EL:ICL 1.37-1.68 (1.52) 1.52 (1.44-1.63) 1.1 6-1.1 7t 1.3 (1.11-1.54) 0.9-1.6 (1.3) 1.28-1.49t 1.59-1.67t 
EL:VAL 2.25-3.99 (3.13) 4.90 (3.49-6.02) 5.70-6.23t 3.25 (1.82-4.25) 2.8-3.6 (3.2) 3.15-3.78t 
BL:SL 1.41-2.77 (1.90) 2.58 (2.18-3.14) 24.74-26.99t 3.86 (2.06-5.69) 3.1-5.4 (3.8) 2.09-2.28t 4.49-4.72t 
* L = length: W = width; BLMBW = body length to maximum body width ratio; BLEL = body length to esophagus length ratio; BLTL = body length to tail length ratio; ELICL = esophagus length to intestinal cecum 
length ratio; ELVAL = esophagus length to ventricular appendix length ratio; BL:SL = body length to spicule length ratio; PrPP = precJoacal papillae pairs; DAE = distance from anterior end. 
t Ratios calculated with maximum and minimum values. 
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TABLE II. Morphometrical data of Contracaecum australe n. sp. female specimens from Phalacrocorax brasilianus from Santa Elena lagoon, VIII Region, Chile. 
Contracaecum Contracaecum 
Contracaecum australe chubutensis caballeroi 
n. sp. Garbin et aI., 2008 Bravo Hollis, 1939 
References' Present paper Garbin et aI., 2008 Lent and Freitas, 1948 
Type host Ph. brasilianus Ph. atriceps Anhinga anhinga 
Other hosts Ph. brasilianus 
Localities VIII Region, Chile Bahia Bustamante Mexico 
Chubut, Argentina Uruguay 
Females (n) 10 10 No data 
Body L 31.60 (25.44-41.23) 29.60 (21.98-35.33) 
Maximum body W 0.94 (0.66-1.16) 0.90 (0.61-1.27) 
Nerve ring (DAE) 0.58 (0.50-0.68) 0.56 (0.48--0.62) 
Deirids (DAE) 0.68 (0.57--0.82) 0.69 (0.58-0.80) 
Esophagus L 3.24 (1.52-3.95) 3.05 (1.19-4.28) 
Intestinal cecum L 2.13 (1.30-2.86) 1.91 (1.08-2.93) 
Ventriculus L 0.25 (0.14--0.28) 0.24 (0.16-0.26) 
Ventricular 
appendix L 0.70 (0.57-0.91) 0.74 (0.66--0.94) 
Vulva (DAE) 9.26 (8.25-10.87) 9.57 (8.32-11.56) 
Tail L 0.39 (0.28-0.58) 0.41 (0.30-0.65) 
Embrionated egg 0.068 (0.063--0.071) 0.070 (0.06-0.07) 
* L = length; W = width; DAE = distance from anterior end. 
Species 
Contracaecum rudolphii 
Hartwich, 1964 
Hartwich, 1964 
Ph. carbo 
Phalacrocorax spp. 
Phalacrocoracidae 
Charadriiformes 
Ciconiiformes 
Various 
36 
10.10-57.60 
0.29-1.51 
1.62-5.48 
1.28-4.12 
5.12-17.7 
0.19-0.63 
0.059-0.073 
C. rudolphii 
Hartwich, 1964 
Amato et ai, 2006 
Phalacrocorax spp. 
Phalacrocoracidae 
Charadriiformes 
Ciconiiformes 
Various 
30 
41.8 (23-52 
0.8 (0.5-1.1) 
4.2 (2.4-5.4) 
2.9 (1.6-3.6) 
1.2 (0.6-1.5) 
15.2 (9.7-21.3) 
0.4 (0.2--0.6) 
0.1 05 (0.099-0.1 06) 
Contracaecum 
travassosi 
Gutierrez, 1943 
Gutierrez, 1943 
Ph. albiventer 
(=Ph. atriceps) 
Ph. brasilianus 
Chubut, Argentina 
No data 
22.7-31.5 
1.10-1.50 
0.59-0.73 
3.50-4.80 
2.70-4.20 
0.89-1.60 
18.60-21.00 
0.43-0.54 
0.068 
C. travassosi 
Gutierrez, 1943 
Morgan et aI., 1949 
Pandion haliaetus 
carolinensis 
Ph. brasilianus 
United States 
2 
53-55 
1.1-1.3 
0.75-0.76 
5.0-5.1 
4.0-4.3 
24 
0-43-0.45 
0.062 
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TABLE III. GenBank accession numbers of the specimens of Contracaecum australe n. sp. and Contracaecum chubutensis sequenced at cox-2, rrnS, ITS-I, 
and ITS-2 loci. They are reported with their codes appearing in the text and figures. 
Species Cox-2 
Contracaecum australe n. sp. CAUl = GQ847532; CAU2 = GQ847533 
CAU3 = GQ847534; CAU4 = GQ847535 
CADS = GQ847536; CAU6 = GQ847537 
CAU7 = GQ847538; CAU8 = GQ847539 
CAU9 = GQ847540; CAUlO = GQ84741 
CAUlI = GQ84742; CAUl2 = GQ84743 
CAU13 = GQ84744 
Contracaecum chubutensis CCHI = HQ328504 
Voucher specimens deposited: Holotype (male) (6208 CHMLP), allotype 
(female) (6209 CHMLP), and 18 paratypes (6210 CHMLP); Helmintho-
logical Collection of Museo de La Plata, La Plata, Buenos Aires, 
Argentina. Holotype accession number in GenBank is GQ847539. 
Etymology: Contracaecum australe is named because of its occurrence as 
a parasite of the Neotropic cormorant from the Austral Hemisphere. 
Remarks 
According to the morphological characters considered as diagnostic for 
species of Contracaecum, i.e., the length of the spicules, the morphology of 
the distal end of the spicule, and the bifurcation of the interlabial tip 
(sensu Hartwich, 1964), our specimens collected from the Ph. brasilianus 
would be assigned to C. rudolphii Hartwich 1964 sensu lato (see Hartwich, 
1964). However, according to the morphological comparison of the new 
specimens, the material has been assigned to C. australe n. sp. 
The new species possesses a distal tail constriction which seems to be 
absent in the original description of C. rudolphii (Hartwich, 1964), even 
though it is present in other descriptions, i.e., that of Abollo et al. (2001) 
(Fig. 1). The median plaque (Fig. Ig) observed in C. australe also seems to 
be absent in C. rudolphii (s. I.), or perhaps it was not observed by other 
authors (Hartwich, 1964; Abollo et aI., 2001; Amato et aI., 2006). 
Moreover, C. australe appears shorter and thicker, as is suggested by the 
body length to maximum body width ratio: 23.00-23.09 versus 29.4-98.1 
(Table I). In addition, male spicules of C. australe are longer than those of 
C. rudolphii (9.60--15.88 mm vs. 4.05-9.98 mm), with a larger BL:SL, 1.41-
2.77 versus 2.06-5.69. However, according to Hartwich (1964) and Barns 
et al. (2000), C. rudolphii (s. I.) has a great variability in the size of spicules 
(Table I). It has been also demonstrated that C. rudolphii (sensu Hartwich, 
1964) (s. I.) is a complex of sibling species. Contracaecum australe differs 
from both C. rudolphii sp. A and C. rudolphii sp. B (of Bullini et aI., 1986). 
The former species has longer spicules compared to those observed for the 
2 sibling species infecting the great cormorant Phalacrocorax carbo 
sinensis. Spicules from C. rudolphii sp. A are 6.8-7.2 mm and 8.6-9.5 mm 
in C. rudolphii B (Mattiucci et aI., 2008). Moreover, the geographical 
distribution and host of the 2 siblings are different. Finally, the sequence 
analysis of the mtDNA cox-2, rrnS and of the ITS-l and ITS-2 regions 
presented here demonstrates that C. australe is genetically distinct from C. 
rudolphii A, C. rudolphii B, C. rudolphii C, C. rudolphii D, and C. rudolphii 
E (Figs. 5-7). Contracaecum rudolphii C (see D'Amelio et aI., 2007) from 
Ph. auritus has not been morphologically described. As for C. rudolphii D 
and C. rudolphii E from Australian cormorants (see Shamsi et aI., 2009b), 
the new species differs from C. rudolphii D for the spicule length (3.90-
6.60 mm in C. rudolphii D vs. 9.60--15.88 mm in C. australe and from C. 
rudolphii E, in which the spicule lengths range from 5.53-6.13 mm). 
Moreover, the host and geographical distributions are different. 
Among those Contracaecum spp. reported from cormorants belonging 
to Phalacrocoracidae, C. caballeroi is also reported as a parasite of Ph. 
brasilianus; it possesses significantly shorter spicules (0.90--1.09 mm vs. 
9.60-15.88 mm) and, therefore, has a much higher body to spicule length 
ratio: 24.74-26.98 versus 1.41-2.77 (Lent and Freitas, 1948) (Table I). 
Contracaecum australe also differs morphologically from C. chubutensis 
Garbin Diaz, Cremonte, and Navone, 2008; the new species has a well-
marked constriction of the tail tip, an oblique position of the paracloacal 
papillae, lips with no notches, entire or barely bifurcated interlabia, longer 
rrnS ITS-l ITS-2 
CAU8 = HQ333520 CAU8 = HQ389545 CAU8 = HQ389547 
CCHI = HQ333521 CCHI = HQ389546 CCHl = HQ389548 
spicules (9.60--15.88 mm vs. 5.34-12.60 mm), and a smaller body to spicule 
length ratio: 1.41-2.77 versus 2.18-3.14. 
Contracaecum septentrionale Kreis, 1955 greatly resembles C. australe; 
however, the precloacal papillae number is smaller, the paracloacal 
papillae seem to have an inverse oblique disposition, the tail looks more 
curved, and the spicule end appears to be more blunt in C. septentrionale 
(Kreis, 1955). Further, the host and geographical distribution of C. 
septentrionale is different; all the genetic data presented here also support 
the distinction of C. australe from C. septentrionale. 
Contracaecum travassosi is also similar to C. australe, although spicules 
in the former species are shorter (7.70-11.10 vs. 9.60--15.88). Therefore, 
the BL:SL ratio is less variable (2.09-2.28 vs. 1.41-2.77), the bifurcation of 
interlabia is more marked, the body width is greater and, consequently, so 
is the body to maximum body width ratio: 23.00--23.09 versus 28.31-39.12. 
Further, according to the original description given by Gutierrez (1943), 
the paracloacal papillae are double, even if in the original figure they 
appear to be as 2 separate papillae, but very close to each other. Specimens 
of C. travassosi described from osprey, Pandion haliaetus (L.) (Accipi-
tridae), in North America (Morgan et aI., 1949) are significantly thinner 
(Table I) and the tail length is longer based on the body to tail length 
ratio: 84.74-97.69 versus 97.92-138.89. A morphological re-examination 
of a male paratype of C. travassosi provided clear evidence that the 
paracloacal papillae are double. 
Contracaecum australe is also morphologically distinct from other 
Contracaecum species that parasitize waterbirds, i.e., it differs from 
Contracaecum variegatum Rudolphi, 1809 from red-throated loon, Gavia 
stellata (Pontoppidan) (Gaviidae), because the latter 2 species possess 
almost double the number of precloacal papillae and shorter spicules 
(4.40--4.86 mm vs. 9.60--15.88 mm), and, therefore, a larger body to spicule 
length ratio (BL:SL 4.00--6.50 vs. 1.41-2.77) (Fagerholm et aI., 1996). 
Moreover, C. variegatum is genetically distinct from the new species based 
on mtDNA cox-2 analysis (data not shown). 
Contracaecum magnipapillatum (= Contracaecum magnicollare) John-
ston and Mawson, 1941 differs from C. australe of black noddy Anous 
minutus Chapin (Laridae) because it lacks bifurcated interlabia (Fager-
holm et aI., 1996) and its spicules are smaller (2.62-3.70 vs. 9.60--15.88 mm) 
and, therefore, has a higher BL:SL ratio (4.20--6.00 vs. 1.41-2.77). 
Contracaecum plagiaticum has 8 postcloacal papillae pairs (I more 
subventral papillae pair) and shorter spicules (2.32-3.49 mm vs. 9.60--
15.88 mm), BL:SL ratio 4.80-5.40 versus 1.41-2.77 (Lent and Freitas, 
1948). Contracaecum pelagicum Johnston and Mawson, 1942 from several 
hosts (Portes-Santos, 1984; Silva et aI., 2005; Garbin et aI., 2007; Garbin, 
2009) can be differentiated from C. australe, mainly for its bifurcation on 
interlabia and shorter spicules (3.07-5.07 mm vs. 9.60--15.88 mm); 
moreover, C. pelagicum is also genetically distinct from C. australe 
(Figs. 3,4). Contracaecum multipapillatum (von Drasche, 1882) from great 
egret Ardea alba greatly differentiates from C. australe in terms of the 
number of papillae and the pattern of postcloacal papillae; further, C. 
muitipapillatum s. I. has no bifurcated interlabia (Navone et aI., 2000). 
Contracaecum australe differs also from C. gibsoni and C. overstreeti 
described from P. crispus; the latter species does not have a bifurcated 
interlabia, and they also have shorter spicules and a different pattern of 
distribution of proximal papillae (see Mattiucci et aI., 2010). Contrac-
aecum bioccai Mattiucci et aI., 2008 from P. occidentalis has shorter and 
subequal spicules (right 5.80-6.20 mm, left 6.00-6.50 mm vs. 9.60--
15.88 mm), conspicuous bifurcated interlabia, and the a4 sublateral 
Cox-2 
C. austral. n.sp. 
C. cbubutensis 
C. rudolpbii A 
C. rudolpbii B 
C. septentrionale 
C. bioccai 
C. pelagicum 
C. microcepbalum 
C. micropapillatum 
C. gibsoni 
C. overstreet! 
C. australe n.sp. 
C. cbubutensis 
c. rudolpbii A 
C. rudolpbii B 
C. septentrionale 
C. bioccai 
C. pelagicum 
C. microcephalum 
c. micropapillatum 
c. gibsoni 
C. overstreet! 
C. australe n.sp. 
c. cbubutensis 
c. rudolpb11 A 
C. rudolpb11 B 
C. septentrionals 
C. bioccai 
C. pelagicum 
C. microcepbalum 
C. micropapillatum 
C. gibsoni 
C. overstreeti 
C. australe n.sp. 
C. cbubutensis 
C. rudolpb11 A 
C. rudolpb11 B 
C. septentrionale 
C. bioccai 
C. pelagicum 
C. microcepbalum 
C. micropapillatum 
C. gibsoni 
C. overstreeti 
C. australe .a.ap. 
C. cbubutensis 
c. rudolpbii A 
C. rudolpbii B 
C. septentrionale 
C. bioccai 
c. pelag1cum 
C. microcep1Jalum 
C. micropapillatum 
c. gibson1 
c. overstreet! 
c. australe n.sp. 
C. cbubutens1s 
C. rudolpbi1 A 
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C. septentrionale 
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c. pelagicum 
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••••••••••••••• T •••••••••••••• T •••••••• A ••••• G ••••••••••• C ••••• T •••••••• A ••••• G •• A ••••• G ••••• T •••••• 
A •••••••••••••• T •••••• C ••••••• TT •••• C ...... C.T •• G ••••••••••• G •• T ••••• A •• A •••••••• A •• C .............. . 
...... GT.G ••••• T ••••• G •• G ••••• TT •••• C •• G ..... G ••••• T ........... G ....................... G ........... . 
A •••••• T.G ••••• T •••••••• G •• G •• TT •••• C •• G ••••• G ••••• T •••••••• C •• G •• C •• A ••••••••••••••••• G ••••••••••• T 
• ••••• GT .G ••••• T •••••••• G •••••• T ••••••••••••• G ••• A. T •• A •• C ••••• G •• C ••••••••••• G •• C ••••• G ••••••••••• T 
•••• C.GT.G ••••• T ••••••••••• G •• T •••••••••••••• G •• G •• T ••••••••••• T ••••••••••••••••••••••• G ••••••••••• T 
210 220 230 240 250 260 270 280 290 300 
····1····1····1····1· ···1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1 
CCTGGCTTAGAGT'l'TGACTCTTATATGAAGTCTCTGGATCAATTGGAATTGGGGGAGCCTCGTCTTTTAGAGGTTGATAACCGTTGTGTTGTACCTTGTG 
••••• T ........... T ............... T ....... G ••••• G ..... T .............. G .......................... G •••• 
••••• T •• G •••••••• T ••••••••••••••• T.A ••••• G •••••••••••••••••••••••••• G ••••••••••• T ••••••••••• G ••••••• 
• .C •• T •• G •••••••• T ••••••••••••••• T.A •• C •• G ••••• G ••••••••••• C •••••••• G ••••••••••• T ••••••••••• T ••••••• 
• •••• T •• G ••••• C •• T •••••••• A •••••• T ••••••• G ••••• G ••••• C ••••••••••••••••••••••••••••••••••••••••• G •••• 
• • G • • GC. T •••••••• T •••••••••••••• GT •••• C •• G ••••••••••• C •• A ••••••••••• G ••••• G ••••••••••••••••• G ••••••• 
• ••••• C.G •••••••••••••••••••• A ••• T •••••••••• A •• T ••••• T •• A •• G •••••••• G ••••• G ••••• T ••••••••••••••••••• 
• .G •• G •• G ........ T ............... T •••• C •• G •• A •• GG.T •• A .............. G ..... G ..... T ........ AA.T ••••••• 
• •••• T •• G •••••••• T ••••••••••••••• T •••••••••••• • GC ••• ••••••••••• T.A •• G ••••••••••• T ••••••••••• T ••••••• 
••••• TC.G •• A ..... T ........... A ... T .......... A •• G ....................... A ........ T ........... T ••••••• 
••••• T •• G ........ T ............... T ............. G .............. C ••• C.G •• A .. A ••••• T ......... A.T ...... . 
310 320 330 340 350 360 370 380 390 400 
····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1 
ATACTAATATTCGT'l'TTTGTATTACTTCTGGGGATGTTATTCATTCTTGGGCTTTGCCTAGGCTTTCTATTAAGTTGGATGCTATGAGGGGCATTCTTAC 
•••••••••• C •••••••• C •••••••• C •••••••••••••••••••• A ••••••••••• T ••••••••••• A ••••••••••••••••• G ••••••• G 
•••••••••• C ••••••••••••••••• G ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• T •• T ••••• A.G 
• ••••••••••••••••••••• C ••••• G •• T •••••••• C •• C ••••• A •••••••• C •••••••••••••• AC ••••••••••••• T •• T ••••••• G 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• A ••••• T ••••••••••• A ••••••••••• A •• T •• A ••••••• G 
.C •••••••••••••••••• G •••••••••• T ••••••••••••••••••••••• A ••••• A ••••••••••• A •••••••••••••• T •• T ••• T.G.G 
• ••• C ••••••••••••••••••••••• G •• T ••••• G •• C •••••••• A ••••••••••••••••••••••••••••••••••••••••• G ••••••• G 
•••••••••• C •• G ••••••••••• G •• G •••••••• G ••••••••••••••••• A ••••• TT.G •••••••• AC.T ••••••••••• T •• G ••• T.A •• 
•••••••••••••••••••••••••••• G •••••••• G ••••••••••••••• C.A ••••• T •••••••••••••• A ••••• A ••••• T •• T ••• T.G •• 
•••••••••••••••••••••••••••• G ••••••••••• C ••••••••••• G ••••• C •• AT.G ••••••••••• A •••••••• A •• T •• T ••• T.G.G 
•••••••••••••••••••••••••••• C ••••••••••••••••••••••••••••• C •• T ••••••••••• A ••••••••••• A •• T •• T ••• T.G.G 
410 420 430 440 450 460 470 480 490 500 
····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1 
AACT'l'TGTCCTATAGTTTCCCTATTGTGGGTGTTTTTTATGGTCAGTGTTCAGAGATTTGTGGTGCCAACCATAGTTTTATACCTATTGCTTTGGAGGTG 
G •••••••• T •••••••• T ••• C ••••••• G •••••••••••••• A ••••• G •••••••••••••• T •• T ••••••••••• G •••••••••••••• A ••• 
G •••••••• T •••••••• T ••••••••••• G •••••••••••••• A •••••••• A ••••••••••• T .............. G ................. . 
G ••••• A •• T •• C ••••• T •••••••• A •• A •••••••••••••• A ••••• G •• A ••••••••••• T •••••••••••••••••••••••••••••••• A 
G ••••••••••••••••• T •• CC ••••••• G •••••••••••••••••••• G ••••••••••• C •• T •• T ••••••••••• G ••••••••••••••••• A 
T ••• C. T •• T •••••••• T ••• G •••• A ••••••••••• C ••••••••••• T •• A ••••••••••• T •• T ••••••••••• G •• C •••••••• A ••••• T 
T •••••••• T •••••••• T ••••••••••• A •••••••••••••••••••• T •• A ••••••••••• T •••••••••••••• G •• A ••••••••••• A •• A 
T ••••• A •• T •••••••• T ••• G •••• T •••••••••••••• G •• A ••••• T •••••••••••••• A •• T ••••••••••••••••••• T ••••••••• T 
••••••••• T •••••••• T ••• G.G ••••• G •••••••••••••• A ••••• T ••••••••••• G •• T •••••••••••••• G •• C •••••••••••••• T 
T •••••••• T ••••• G •• T ••• G •••• T •• C ••••••••••• G •• A ••••• T •••••••••••••• T •••••••••••••••••••••••••• A •• A •• T 
T •• C •• A •• T •••••••••••• G.G •• T •••••••••••••• G •• A ••••• T •••••••••••••• T •••••••••••••• G ••••••••••••••••• T 
510 
····1····1····1···· 
ACTTTACTTGATAATTTTA 
• •••• G ••••••••••••• 
• •••• GT.G •••••••••• 
• •••• GT.G •••••••••• 
• •••• GT.G •••••••••• 
• ••••• T.G •••••••••• 
••••• GT.A •••••••••• 
•• C •• GT.G •••••••••• 
••••• GT.G •••••••••• 
••••• GA.A •••••••••• 
••••• GA.G •••••••••• 
FIGURE 2. Alignment of mtDNA cox-2 (519 bp) sequences of C. australe n. sp. and C. chubutensis with other Contracaecwn spp. previously 
sequenced (Mattiucci et aI., 2010) and deposited in GenBank. The alignment was performed using BioEdit (Hall, 1999). One representative of each 
unique sequence was included for the comparison. Dot indicates identity. 
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rrnS 
C. rudolpllii A BF014281 
C. rudolpbl.:L A 
C. rudolphii B BF014279 
C. rudolphi! B 
C. rudolphi! C 81'014283 
C. septentrionale 
C. chubut8Jlsis 
C. australe 
Contracaecum Sp.l 11'030716 
C. bioccai 
C. microcepbalum 1IF014282 
C. m.icrocephalum 
C. micropap:i.llatum 
C. pelagicum 
c. mulHpapillatum s.l. B1'0142 
C. gibBon! 
C. overstreetii 
C. rudolph.H A 81'014281 
C. rudolphH A 
C. rudolph!! B 8F014279 
c. rudolphH B 
C. rudolphii C 8F014283 
c. septentrionale 
C. cllubutens.is 
C. australe 
Contr.caecum Sp.l .1'030716 
C. biece.! 
C. m:Lcrocepilalum "014282 
C. m1crocepllalum 
C. m.1cropapillatum 
C. pelagicum 
C. mult.ipapillatum B.l. E1'0142 
C. gibson.! 
C. overstreeti! 
c. rudolphii A 111'014281 
C. rudolph.H A 
C. rudolphii B B1'014279 
C. rudolpbH. B 
C. rudolpb.:/.1 C 111'014283 
C. septentrionale 
C. cbubutensis 
C. au.tral. 
Contracaecum 81'.1 BF030H6 
C. b:Loccaj 
C. microcepbalum 111'014282 
C. mlcrocephalum 
C. micropapfllatum 
C. pelagicum 
C. multipapfllatum 011.1. BF0142 
C. gibsoni 
C. overstreetii 
C. rudolphii A BF014281 
C. rudolphii A 
C. rudolphii B 81'014279 
C. rudolpbii B 
C. rudolp.bii C 81'014283 
c. septentrionale 
C. chubuteDBis 
C. au.trala 
Contracaecwa 81'.1 81'030716 
C. bioccai 
C. microcephalum 81'014282 
C. microcepbalum 
C. m.1cropapillatwa 
C. pelagicum 
C. multipapillatum s.l. 111'0142 
C. gibsoni 
C. overstreetii 
C. rudolpbii A 81'014.281 
C. rudo1ph.:Li A 
C. rudolphii B BF01427!l 
C. rudolpbH B 
C. rudo1phii C BF014283 
C. septentrionale 
C. chubutensis 
C. australe 
Contr.caecum 81'.1 BF030716 
C. bjoccai 
C. microcephalwa 111'014.282 
c. microcephalum 
C • .micropapillatum 
C. pelagicWII 
C . .multipapillatum 011.1. 8'0142 
C. gibsoni 
C. overstreetii 
10 20 30 40 50 60 70 80 90 100 
····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1 
-ATCTTGAATTTTT - - - - - - - AGAGTGTGCTTTTGATTTT- ATGGTGAAATTAAAGATTTT -TGGTGTTGTATGTTTAAGATTATAAGATTTAGTGAACG 
- ••••• - ••••••• - ------G •••••• A ••••••••••• - ••••••••••• G •••••••• - •• TGTG .•• G •••••••••••••••••••••••••••• 
- •••••••••••• C- - - - - - -G •••••• A ••••••••••• - ••••••••••• G •••••••• - •• TGTG ••• G •••••••••••••••••••••••••••• 
- ••••• - ••••••• - ------ ••••••• A •••••• G •••• - •••••••••••••••••••• - .TTAAGG •• G •••••••••••••••••••••• C ••••• 
- ••••• A ••••••• T---- -A.A. - .A.A •••••• G •••• - ••••••••••• G •••• C ••• A.TTATA.A.G ••••••••••••••• A ••••• A •••••• 
- ••••• A •• , •••• T-- - - -A.A .ACA.A ••••••••••• - ••••••••••• G •••••••• A. TTATA. --G.A ••••••••••••• A ••••• A •••••• 
- ••••••••••••• T- -- - -A.A. -CA.A ••• A ••••••• - ••••••••••••• G •••••• A. TT-TA.A.G ••••••••••••••• A •••••••••••• 
- ••••••• G ••••• TTATTTTTTCT. TG •••••••• C ••• - ••••••••••••••• G •••• -ATTATACTAG •••••••••••••••••••••••••••• 
- ••••• A.G ••••• T- - -CT'1'T. '1'T.'1' •••••••• • C •• • - ••••••••••••••• G •••• -ATTATACTAG •••• '" ••••••••••••••••••••• 
A •• 'I ••• GG.A.G. T- - - - - -TTTT. T.A •••• G •• C ••• - .G ••• A ••••• G •• AG.C .C- •• TAAAGAGT ••••••••••• T •••••••••• C ••••• 
A •• T •• A ••• G. -. T- - - - - -TTTT. T .A •••• G •• C ••• - .G ••• A ••••• G •• AG.C •• - •• TAAAGAGT ••••••••••• T •••••••••••••••• 
- •• T ••• GG.A ••• G- -- - -- .TTT. T.A •••• GAG •••• T .A ••••••••• TGT •• C ••• TAAAGTAGAGG-ACCC •• A ••• T ••••••••• A •••••• 
- ••••• A ••••••• A- --AAATTTT ••• A ••••••• C ••• -T •••••••••••• G.G •••• -ATT-TAGA.G ••••••••••• T ••• A •••••••••.••• 
- ••••••• G ••••• T- - --TATTTT. --A •••• G. T •••• - .G ••••••••• G •••• AC •• --TTCTAG ••• G.C. C •••••• T ••• A ••••• T ••••• A 
- ••••••• G ••••• T- - --TATTTT. --A •••• G.T •••• - .G ••••••••• G •••• AC •• --TTCTAG ••• G.C. C •••••• T ••• A ••••• T ••••• A 
- ••••••• G ••••• T- -- -TATTTT. T.A •••• G. 'I •••• - .G ••••••••• G •••• AC •• --'IT •• GA ••• G.C •••••••• T ••• A •••• GT ••••• A 
110 120 130 140 150 160 170 180 190 200 
····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1····1 
AACCAGATTAGTACCTGGTTAGATAAAAATTAAAAGAGCAGGAGTAAAGTTGAATTTAAACTGTAATAATATTGGCAGGCTTTTAAATTATCTTTGGAGG 
••••••••••••••••••••••••••••••••••••••••••••••••••••• G •••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••• • G •• •••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••• G •••••••••••••• A ••••••••••••••••••••••••••• T •••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••• G ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
.C ••••••••••••••••••••••••••••••••••••••••••••••••• A •••••••••••••••••••••••••••••••••••••••••••••••• 
.C •••••••••••••••••••••• G •••••••••••••••••••••••••• A •••••••••••••••••••••••••••••••••••••••••••••••• 
.G ••••••••••••••••••••••••• • G ••••••••••••••••••••••• T ••••••••••••• G ••••••••••••• C ••••••••••••••••••• 
.G •••••••••••••••••••••••••• G ••••••••••••••••••••••• T ••••••••••••• G ••••••••••••• C ••••••••••••••••••• 
••••••••••••••••• • G •••••••• • G ••• GT •••••••••••••••••• T ••••••••••••• G ••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••• G ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
.G ••••••••••••••••••••••••• • G • •••••• G •••• A •••••••••• TG •••••••••••• G •••••••••••• T.A •••••••••••••••••• 
.G • ••••••••••••••••••••••••• G ••••••• G •••• A •••••••••• TG •••••••••••• G •••••••••••• T.A •••••••••••••••••• 
.G ••••••• '" ••••••••••• C •••• G •••••••••••• A •••• G ••••• TOC ••••••••••• G •••••••••••••• A ••••••••• T •••••••• 
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•••••••••••••••••••••••••••• A.AA ••• A •• - •••••••••••••••••• T •• A ••••••••• S.C.C.A •••••• AG.GT •••••••••••• 
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• ••••••••• GTT-AC ••••••• AT ••• GC •••••••••••• G ••••••••••••••••••••••••••••• C ••••••••• 
• ••••••••• GTT-T •• C •••••• TAA •• C •••••••••••• GGT .A ••••••••••••••••••••••••••• A ••••••• 
••.••••••• GTT-T •• C •••••• TAA •• C •••••••••••• GGT .A ••••••••••••••••••••••••••• A ••••.•• 
• .A ••••••• GTT-T •• C •••••• TAAA.C •••••••••••••• T ••••••••••••••••••••••••••••• A ••••••• 
FIGURE 3. Alignment of rrnS (470 bp) sequences of C. australe n. sp. and C. chubutensis with other Contracaecum spp. previously deposited in 
GenBank under the accession numbers as published in D'Amelio et aL (2007). The alignment was performed using BioEdit (Hall, 1999). One 
representative of each unique sequence was included for the comparison. Dot indicates identity and dash indicates gap. 
GARBIN ET AL.-CONTRACAECUM AUSTRALE N. SP. IN PHALACROCORAX BRASIL/ANUS 485 
papillae pair unites with the a2 subventral pair, forming a double, 3-paired 
subventral row. Contracaecum microcephalum (Rudolphii, 1809) has very 
short spicules (1.40-3.65 mm vs. 9.60-15.88 mm), different in the BL:SL 
ratio (5.06-15.05 vs. 1.41-2.77). 
Genetic differentiation between C. australe n. sp. and C. 
chubutensis with respect to other congeners from waterbirds 
To provide support for the existence and the validity of C. australe as a 
new species and of C. chubutensis, morphologically described in our 
previous studies, the same 13 specimens of the first taxon and 3 of the 
second were sequenced at the mtDNA cox-2 locus. Further, some 
specimens among those sequenced at the mtDNA cox-2 locus were also 
sequenced at the rrnS locus and at the ITS-I and ITS-2 regions of the 
nuclear rDNA (Table III). The sequences obtained for the specimens of C. 
australe n. sp. and C. chubutensis are deposited in GenBank under the 
accession numbers indicated in Table III. 
The specimens of Contracaecum from Ph. brasilianus indicated that C. 
australe did not match any of the previously reported sequences for the 3 
genes examined here or any of those previously deposited in GenBank. 
Similarly, the specimens of C. chubutensis did not match any of the 
congener species previously scrutinized or deposited in GenBank. The 
sequence alignments of C. australe n. sp. and C. chubutensis, in 
comparison with others that have been investigated, are shown in 
Figures 2, 3, 4a, b. 
The individuals corresponding to c. australe n. sp. all clustered in the 
same clade, well supported in the MP tree (Fig. 5) as well as in the BI 
(Fig. 6) inferred from the mtDNA cox-2 sequence analysis. In these 
trees, the clade formed by the specimens of C. australe was quite 
distinct from all the previously genetically characterized species of 
Contracaecum. Similarly, C. chubutensis forms, at both MP and BI 
(Figs. 5, 6) inferred from the same mtDNA cox2 sequences analysis, a 
distinct clade from all the Contracaecum spp. Moreover, both C. 
australe n. sp. and C. chubutensis form 2 quite-distinct clades (Fig. 6). 
Nonetheless, C. australe and C. chubutensis are closely related to the 
other Contracaecum parasites of cormorants, i.e., C. rudolphii A, C. 
rudolphii B, C. rudolphii C, and C. septentrionale. Indeed, a congruent 
tree topology inferred from mtDNA cox-2 and rrnS sequence analyses 
(Figs. 5-7) was generated. The same sub-clade was produced with the 
tree topology inferred from MP and BI from mtDNA cox-2 (Figs. 5, 6), 
as well as from MP and NJ of the rrnS (Fig. 7), including C. australe, 
the species in the C. rudolphii complex (c. rudolphii sp. A, C. rudolphii 
sp. B, and C. rudolphii C) plus C. septentrionale and C. chubutensis. 
Moreover, this sub-clade (Fig. 5, 7) was distinct from all other 
Contracaecum species considered in the comparison, although it did 
not receive a high bootstrap value «70) in all the analyses inferred 
from different genes. 
Pairwise comparisons of the p-distance values inferred from mtDNA 
cox-2 (Table IV) sequences range from 0.08 to 0.1 0 between C. australe and 
C. chubutensis with respect to C. rudolphii A and C. rudolphii B. On the other 
hand, C. australe versus C. chubutensis shows a value of p-distance = 0.09. 
Moreover, C. chubutensis was found to be genetically more related to C. 
septentrionale, from which it has been demonstrated to show, however, a p-
distance value of 0.06. With respect to C. septentrionale, C. australe exhibits 
a p-distance value of 0.1 0, whereas C. australe shows much larger values, i.e., 
0.13 to 0.14 with respect to other morphologically distinct species such as C. 
micropapillatum or C. gibsoni (Table III}. 
Similarly, the p-distance estimated at the rrnS DNA (Table IV) exhibits 
a value of 0.03 between C. australe and C. chubutensis, whereas a value of 
p-distance = 0.04 was observed between C. australe and C. rudolphii C. 
Similar numbers were observed between C. australe and C. chubutensis 
with respect to C. rudolphii A, C. rudolphii B, and C. septentrionale as well 
(Table IV). 
Finally, at the ITS-l and ITS-2 regions of the rDNA, C. australe 
exhibits p-distance values (Table V) ranging from 0.02 to 0.03 with 
respect to C. chubutensis and other species of the c. rudolphii complex, 
i.e., C. rudolphii D and C. rudolphii E. Sequence polymorphisms at the 
ITS-l and ITS-2 were detected in C. australe at alignment positions 303, 
333, and 418, and 74, 83, 88, 159, 160, 273, and 280, respectively 
(Fig. 4a, b). Sequence polymorphism was detected at alignment position 
116 of the ITS-l and at position 31 of the ITS-2 in C. chubutensis 
(Fig. 4a, b). 
DISCUSSION 
A congruent topology was obtained in all the phylogenetic 
analyses inferred from mtDNA cox-2 and rrnS DNA sequences 
(Figs. 2-4). The MP, NJ, and BI tree topologies show that all C. 
australe specimens sequenced form a well-defined clade and 
separated clearly from C. rudolphii A, C. rudolphii B, C. rudolphii 
C, and C. septentrionale. High support was received in all the 
phylogenetic elaborations for the clade formed by C. australe as a 
new species. Similarly, the MP, NJ, and BI tree topologies 
obtained from the sequences analyses of the mtDNA cox-2 and 
rrnS DNA demonstrated that the specimens of C. chubutensis 
form a well-distinct clade from C. australe, as well as from the 
other Contracaecum species sequenced for these genes. 
However, evidence for C. australe and C. chubutensis as 2 
distinct species was also supported by analyses ofITS-I and ITS-2 
sequence data. Indeed, alignment of the ITS-l and ITS-2 showed 
differences in both regions of the 2 taxa with respect to sibling 
species of the C. rudolphii complex, including C. rudolphii D and 
C. rudolphii E. Genetic characterization of these 2 species revealed 
a distance value for C. rudolphii D and C. rudolphii E at the same 
level as that between C. rudolphii A and C. rudolphii B (Table V). 
Currently, there are no ITS-l and ITS-2 sequences available and 
deposited in GenBank for C. rudolphii C. However, the clear 
distinctiveness of C. australe and C. chubutensis from C. rudolphii 
C was clearly supported by the sequence analysis of the 
mitochondrial rrnS ribosomal DNA region (Fig. 7). 
Our sequence data also allowed for the identification of a 
specimen belonging to the taxon previously identified as 
Contracaecum sp.l in D' Amelio et aI. (2007) as corresponding 
to C. bioccai of Mattiucci et aI. (2008), as well as to a specimen of 
C. multi papilla tum s. 1. in D' Amelio et aI. (2007), and also 
corresponding to the species C. overstreeti of Mattiucci et aI., 2010 
(Fig. 7). 
Tree topologies obtained are also congruent in showing the 
existence of a well-separated sub-clade formed by all the 
Contracaecum species so far characterized in Phalacrocoracidae, 
i.e., C. rudolphii A, C. rudolphii B, C. rudolphii C, C. 
septentrionale, C. chubutensis, and the new taxon, C. australe, 
albeit this clade did not receive very high bootstrap values inferred 
from either of the analyses performed (Figs. 5-7). 
All the tree topologies derived from the phylogenetic analyses 
were in substantial agreement with each other in depicting C. 
chubutensis as forming a sub-clade, albeit not always well 
supported, with C. septentrionale, parasite of a cormorant species, 
i.e., Ph. aristotelis, of the boreal hemisphere. 
To date, only 3 Contracaecum species have been found to 
parasitize the Neotropic cormorant, Ph. brasilianus (Lent and 
Freitas, 1948; Torres et aI., 2000; Amato et aI., 2006), and none 
matches morphologically with the new species C. australe. All 
results obtained previously indicate that the new species is 
consistently separated from Contracaecum spp. that parasitize 
cormorants, not only genetically but also morphologically. The 
peculiar distal tail constriction, and the other constrictions 
between proximal precloacal papillae observed in male specimens 
of C. australe, seems to be a common feature on the 
Contracaecum spp. that infect Phalacrocoracidae, even more so 
in the well-differentiated clade formed by the 4 species (Kreis, 
1955; Abollo et aI., 2001). Another shared feature by Contra-
caecum spp. from cormorants is the lip shape, which has 
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a ITS-l 
C. austral. D. ap. lCAUS) 
c. aUIIJtrale n.ap. (CArnO) 
c. australe D.ap. {C1d111} 
c. c.hubutens.1s (CClfl) 
c. chubutezuris (CCB2) 
c. cbubut .. .:t. (CCB3) 
c. rucfolphii A-AJ634782 
C. rudolph.:l.i A-AF'411204 
c. rudolph:L.t A-DQ316967 
c. ruc:folphfi B-DQ316968 
c. rudolphii B-AF411204 
c. rucfolp.hfi B-AJ183845 
c. rudolpbif D-J!I'JI210251 
c. rudolpb,;U D-FJI210252 
C. rudolph!! D-lf'II210253 
C. rudolphii 1J-FJQI0258 
C. rudolph.11 B-l"IQI0259 
C. rudolph:U If-I'JIZI0260 
c. australe D.IIP. (CAUl) 
C. australe n.ap. (CArnO) 
c. australe n.ap. (CAUll) 
C. cbubutQDofiids (CCBl) 
C. chubutensis (CCIl2) 
C. chubuteas.ts (CC1I3J 
C. rudolphii A-.AJ634782 
C. rudolph,H A-AJI'411204 
C. rudolpb,;U A-DQ316967 
C. rwlD1p.hH B-DQ316968 
C. rudolphi.t B-AP411204 
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FIGURE 4. Alignment of sequences of nuclear ribosomal DNA ITS-I (a) (451 bp) and ITS-2 (b) (284 bp) regions of C. australe n. sp. and C. 
chubutensis with respect to the siblings of the C. rudolphii complex sequenced so far at those loci and deposited in GenBank under the accession numbers 
as given in Shamsi et al. (2009). The alignment was performed using BioEdit (Hall, 1999). Three representative sequences for each C. rudolphii A, C. 
rudolphii B, C. rudolphii D, and C. rudolphii E were included for the comparison. Dot indicates identity and dash indicates gap. 
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rudimentary notches forming only 1 fissure and conspicuous 
auricles with conspicuous tips. The interlabium bifurcation is not 
as marked as that observed in C. pelagicum parasitizing the 
Magellanic penguin, and C. chubutensis in the imperial conno-
rant, Ph. atriceps (see Garbin et a!., 2007, 2008). Paracloacal 
papillae appear to be smaller and their disposition is in an oblique 
angle with respect to the body axis. Finally, longer spicules seem 
to be common on the Contracaecum spp. parasitizing Phalacro-
coracidae from both hemispheres. The only exception would be C. 
chubutensis, which does not show a well-marked distal constric-
tion, lips with 3 obvious notches with smaller auricles, larger 
paracloacal papillae placed at a right angle with respect to the 
body axis, and shorter spicules (Garbin et a!., 2008). In addition, 
these features of C. chubutensis resemble those also observed on 
the other closely related Contracaecum spp., i.e., C. pelagicum and 
C. bioccai, forming another sub-clade in the phylogenetic tree 
(Figs. 5-7), even though they are parasites in 3 different marine 
bird orders (Pelecaniformes, Sphenisciformes, and Procellari-
formes) from South America (Garbin et a!., 2007; Mattiucci et a!., 
2008). 
tion observed in male specimens, the angle disposition of 
paracloacal papillae, and the interlabium shape and its bifurca-
tion depth. Similar characters have been shown in previous 
studies to be useful diagnostic characters for anisakid nematodes 
(Fagerholm, 1989, 1991; Mattiucci et a!., 2008, 2009, 2010). 
The present study further indicates that molecular markers, 
such as those provided by different genes as used here, i.e., 
mtDNA cox-2, rrnS, and the ITS-I and ITS-2 regions, are useful 
for distinguishing cryptic species of Contracaecum spp. among 
waterbirds (Mattiucci et a!., 2008, 2010). In the present case, the 
DNA sequence analysis at multiple loci corroborated the evidence 
for C. australe and C. chubutensis as separate species. Detecting 
DNA barcodes in these genes may be helpful in the future for 
discriminating taxa where species overlapping and co-infection of 
the same definitive host may occur, especially when morpholog-
ical differences are often difficult to discern. 
The present study supports the evidence that the combining of 
morphology and molecular tools in delimiting and diagnosing of 
sibling species represents a valuable and efficient approach in the 
systematic studies of parasites, as recently underlined by Perez-
Ponce de Leon and Nadler (2010). Indeed, this methodological 
approach has been successful recently in the discovery and 
description of siblings and new taxa of anisakid nematodes 
(Shamsi et a!., 2008, 2009a, 2009b; Mattiucci et a!., 2009, 2010). 
Morphological analysis and the differential diagnosis of 
genetically identified male specimens of C. australe have revealed 
differences in a number of features. These include absolute 
measurements of spicule length, the peculiar distal tail constric-
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FIGURE 5. Maximum parsimony (MP) bootstrap consensus tree 
performed by PAUP* (Swofford, 2003) on 1,000 replicates, using the 
GTR+I+G evolution model (by Mode1test 3.1; Posada and Crandall, 
1998) showing the genetic relationship of C. australe n. sp. and C. 
chubutensis with respect to Contracaecum spp. previously sequenced at the 
mtDNA cox-2. Bootstrap values are reported at the nodes (MP values: 
above; neighbor-joining values: below). Sulcascaris sulcata was used 
as outgroup. 
The application of molecular tools is of particular importance 
for identification of adults to the species level but also for larval 
stages occurring in fish. However, no data are so far available on 
the occurrence of the larval stage of C. australe. Studies on the 
Neotropic cormorant diet have not been conducted as extensively 
on the Atlantic coast as on the Pacific coast (Kalmbach et aI., 
2001; Gil de Weir et aI., 2003; Barquete et aI. 2008). In central 
Chile, Kalmbach et aI. (2001) noted that the most frequent prey 
items were toad fish Aphos porosus (Batrachoididae) and tilefish 
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FIGURE 6. Consensus tree inferred by Bayesian analysis (EI) carried 
out using MrBayes3.l software program (Ronquist and Huelsenbeck, 
2003), inferred from mtDNA cox-2 sequences analysis of Contracaecum 
spp. studied, on 1,000,000 generations. The BI was performed using the 
GTR+I+G model as the best-fit substitution model for the data. The 
parameters for the model inferred were the proportion of invariable sites 
(I) = 0.6020, distribution shape parameter (ex) = 0.8524, and nucleotide 
frequencies A = 0.19, C = 0.07, G = 0.27, T = 0.45. Numbers at the 
nodes are posterior probabilities recovered by the Bayesian analysis with a 
significant support of P 2: 95%. Sulcascaris sulcata was used as outgroup. 
Prontilus luplaris (Pinguipedidae) and, to a lesser extent, anchovy 
Engraulis ringens (Engraulidae). However, the role of these species 
in the C. australe life cycle has yet to be determined. Garbin et aI. 
(2007) hypothesized that Engraulis anchoita may be an interme-
diate-paratenic host for C. pelagicum in the Magellan penguin S. 
magellanicus from Peninsula Valdes coast, Chubut, Argentina, 
based on bird feeding behavior and preliminary molecular 
identification of the larval stages (data not shown). 
The phylogenetic data here presented seem to confirm a general 
rule that all the Contracaecum species genetically characterized 
to date, i.e., C. rudolphii A, C. rudolphii B, C. rudolphii C, C. 
septentrionale, C. chubutensis, and C. australe form a well 
supported clade. Moreover, their main definitive hosts also form 
a supported clade (Hughes and Page, 2007), suggesting the 
existence of a possible parallelism between the phylogeny of the 
anisakid Contracaecum parasites of fish-eating birds and that 
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FIGURE 7. Condensed MP and neighbor-joining (NJ) bootstrap consensus trees by PAUP* (Swofford, 2003) on 1,000 replicates, based on rrnS 
sequences analysis of specimens of Contracaecum spp. sequenced in the present study in comparison with those sequenced by D' Amelio et al. (2007) and 
reported in the analysis with the following GenBank accession numbers: EFOl4281 (A-cor31), EFOl4279 (B-cor41), EFOl4283 (C-cor52), EF030716 
(Pel3), EFOl4282 (Phpl), EFOl4280 (Pel). MP tree was obtained by bootstrap method on 1,000 replicates. The MP was performed using the GTR+1+G 
evolution model (by Modeltest 3.1; Posada and Crandall, 1998). Proportion of invariable sites (I) = 0.5937; gamma distribution shape parameter (G) = 
0.7905; 166 polymorphic sites; 154 parsimony-informative sites; base frequencies A = 19%, C = 7%, G = 27%, T = 47%. Bootstrap values are shown at 
the nodes: MP and NJ values are shown above and below the nodes, respectively. Sulcascaris sulcata was used as outgroup. 
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TABLE IV. Pairwise p-distance values inferred from mtDNA cox-2 (above the diagonal) and rrnS (below the diagonal) sequences analysis between 
Contracaecum australe n. sp. and Contracaecum chubutensis and versus other Contracaecum spp. so far sequenced at the same loci. Accession number for 
rrnS of Contracaecum rudolphii C deposited in GenBank is reported. 
Species CAU CCH CRA CRB CRC CSE CBO CPE CMP CMI CMG CMO 
Contracaecum australe n. sp. (CAU) 0.09 0.08 0.10 * 0.10 0.12 0.12 0.14 0.13 0.14 0.12 
Contracaecum chubutensis (CCH) 0.03 0.09 0.10 * 0.06 0.12 0.11 0.13 0.13 0.14 0.11 
Contracaecum rudolphii A (CRA) 0.04 0.03 0.08 * 0.08 0.11 0.11 0.13 0.12 0.12 0.12 
C. rudolphii B (CRB) 0.04 0.03 0.03 * 0.10 0.12 0.13 0.14 0.14 0.12 0.11 
C. rudolphii C (CRC) (EFOI4283) 0.04 0.04 0.03 0.03 * * * * * * .* 
Contracaecum septentrionale (CSE) 0.03 0.01 0.04 0.03 0.04 0.11 0.12 0.12 0.11 0.13 0.11 
Contracaecum bioccai (CBO) 0.03 0.04 0.04 0.05 0.05 0.04 0.11 0.12 0.14 0.14 0.12 
Contracaecum pelagicum (CPE) 0.04 0.04 0.06 0.05 0.05 0.04 0.05 0.15 0.13 0.15 0.14 
Contracaecum microcephalum (CMP) 0.06 0.07 0.07 0.06 0.06 0.06 0.06 0.07 0.11 0.13 0.11 
Contracaecum micropapillatum (CMI) 0.06 0.05 0.06 0.05 0.06 0.05 0.07 0.07 0.08 0.12 0.11 
Contracaecum gibsoni (CMG) 0.07 0.06 0.07 0.07 0.08 0.05 0.08 0.06 0.07 0.06 0.10 
Contracaecum overstreeti (CMO) 0.08 0.07 0.08 0.07 0.08 0.07 0.09 0.08 0.07 0.08 0.05 
• The values were not calculated because sequences data of mtDNA cox2 in C. rudolphii C are missing. 
TABLE V. Pairwise p-distance values inferred from the ITS-I (above the diagonal) and ITS-2 (below the diagonal) sequences analysis between 
Contracaecum australe n. sp. and Contracaecum chubutensis and versus members of the Contracaecum rudolphii complex. Sequences and their accession 
numbers of the species C. rudolphii D and C. rudolphii E are those reported in Table III. 
Species CAU CCH 
Contracaecum australe n. sp. (CAU) 0.01 
Contracaecum chubutensis (CCH) 0.02 
Contracaecum rudolphii A (CRA) 0.03 0.02 
C. rudolphii B (CRB) 0.02 0.01 
C. rudolphii D (CRD) 0.03 0.02 
C. rudolphii E (CRE) 0.03 0.02 
proposed so far for their phalacrocoracid definitive hosts. Similar 
host-parasite associations be'tween anisakid nematodes and their 
cetacean hosts have been demonstrated (Mattiucci and Nascetti, 
2008). 
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THELOHANELLUS TOYAMAI (SYN. MYXOBOLUS TOYAMAI) INFECTING THE GILLS OF 
KOI CYPRINUS CARPIO IN THE EASTERN UNITED STATES 
Matt J. Griffin and Andrew E. Goodwin* 
Thad Cochran National Warmwater Aquaculture Center, Mississippi State University, PO Box 197, 127 Experiment Station Road, Stoneville, 
Mississippi 38776. e-mail: griffin@cvm.msstate.edu 
ABSTRACT: A myxozoan resembling species of Thelohanellus was isolated from the gills of koi (Cyprinus carpio) cultured in North 
Carolina, Plasmodia measuring ~200 J.lffi in diameter contained tear-shaped myxospores containing a single pyriform polar capsule, 
The spore body was concave on one side, measuring 16,2 (14.7-16.8) J.lffi long and 5.6 (4.5-6) ~m wide. The polar capsule was 6A (5.8-
7.2) ~m long and 4.2 (3.4-4.6) J.lffi wide, containing a polar filament coiled perpendicular to the longitudinal axis of the spore body 
making 8 turns. Occasionally, an oblong, irregularly shaped mass of protoplasm was observed between the polar capsule and spore 
capsule. Analysis of 18S small-subunit ribosomal DNA sequence demonstrated this isolate as a 99.9% match with Myxobolus toyamai 
from gills of C. carpio, However, the case isolate lacked the characteristic second polar capsule of Myxobolus, morphologically placing 
it within the Thelohanellus. Here we supplement genetic sequence data with histopathology, an amended morphological description of 
the agent, and a review of the original classification. For future reference, we suggest this organism be referred to as Thelohanellus 
toyamai Kudo, 1933, in accordance with the original classification and the nomial M. toyamai be avoided because it is at best outdated 
and, at worst, incorrect. 
As a consequence of its widespread introduction to temperate 
waters as a food and ornamental fish, Cyprinus carpio (common 
carp and koi) has become one of the most widely distributed 
freshwater fish species in North America. As such, an in-depth 
knowledge of its pathogens is of significant importance for 
fisheries biologists and fish health professionals (Dykova et aI., 
2003). Several Thelohanellus spp. have been described from C. 
carpio, most from European and Asian waters (Molnar, 1982; 
Molnar and Kovacs-Gayer, 1982; Rhee et aI., 1993; Moshu and 
Molnar, 1997; Yokoyama, 1997), Thelohanellus toyamai has been 
reported from the gills of common carp in Japan, northern 
Vietnam, Asia, and Europe (Hoffman, 1999) but has not been 
reported from common carp or koi in the United States. 
Alternatively, Myxobolus toyamai, suggested to be synonymous 
with T. toyamai (Shul'man, 1966; Hoffman, 1999), has been 
reported from North American waters (Eiras et aI., 2005), 
indicating that Thelohanellus spp. may have been previously 
isolated from North American fishes but reported as Myxobolus 
spp. Given the morphological similarities between closely related 
myxozoans and the poor communication that can exist between 
fish health professionals from different countries, many species 
may have been inadequately described and identified, thus adding 
ambiguity to host and geographic ranges for many myxozoan 
parasites, In the absence of supplemental molecular data, many 
synonyms possibly exist (Zhang et aI., 2010), Consequently, it has 
been suggested on several occasions that molecular sequence data 
be included when new species are described or original 
descriptions are revised. This would eliminate the inconsistencies 
that can arise from identifications based on morphology alone 
(Kent et aI., 2001; Lom and Dykova, 2006; Whipps and Diggles, 
2006; Griffin, Khoo, et aI., 2009; Griffin, Wise, et aI., 2009). 
In the present study, we describe a myxozoan from farmed koi. 
Morphometrics, histopathology, and 18S small-subunit (SSU) 
ribosomal DNA (rDNA) sequence data demonstrate the impor-
tance of supplementing morphological data with DNA sequence 
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information and vice versa. We also attempt to clarify the 
ambiguity surrounding the taxonomy of T. toyamai and 
Myxobolus toyamai, as well as provide further evidence to 
support the monophyletic origins of Myxobolus, Henneguya, 
and Thelohanellus within the Myxobolidae. 
MATERIALS AND METHODS 
Origin of parasite 
Koi (20-25 cm total length) from a commercial fish farm in North 
Carolina were submitted for diagnosis because of unusual gill lesions that 
were grossly apparent. The producer reported that some fish were gasping at 
the surface, even though dissolved oxygen concentrations were high. Initial 
examination revealed the fish to be infected by several different species of 
myxosporeans present in such high densities that normal gill architecture was 
severely disturbed. Samples of gill tissue were preserved in 10% neutral 
buffered formalin for histology and in 70% ethanol for the preservation of 
DNA to aid in the identification and characterization of the parasite. 
Gross and histological examination 
Individual pseudocysts of the tentatively identified Thelohanellus sp. (n = 
3) were excised from ethanol-preserved tissue by sharp dissection, placed on 
a microscope slide with a drop of physiological saline (0.85% [w/v] ofNaCl), 
and mechanically ruptured. The myxospores were further diluted with saline, 
cover slipped, and examined using an Olympus BX-50 microscope (Olympus 
Corporation, Tokyo, Japan). Representative images (n = 15) from the 
pooled myxospores were captured using a Spot Insight QE digital camera 
and analyzed using Spot Basic 3.1 Image analysis software (Diagnostic 
Instruments, Sterling Heights, Michigan). A separate preparation of 
myxospores was prepared and stained with Lugol's iodine (ENG Scientific, 
Clifton, New Jersey) for visualization of the iodinophilous vacuole. 
Tissue from formalin-preserved gills was dehydrated, embedded in 
paraffin, and sectioned at 2 urn. Sections were stained with hematoxylin 
and eosin stain and examined by light microscopy. 
Molecular analysis 
Individual pseudocysts of the tentatively identified Thelohanellus sp. 
(n = 3) were identified microscopically from archived tissue sections fixed 
in 70% ethanol, excised by sharp dissection, placed individually into a 
1.5-ml microcentrifuge tube containing 1 00 ~l of nuclease-free water, and 
the pseudocycts ruptured by mechanical agitation. The sample tube was 
confirmed to contain only the target organism by placing a drop of water 
from the tube on a glass microscope slide and examining the contents 
carefully. Once the sample prep was determined to contain only the 
Thelohanellus sp" 600 ~l of Puregene@ Cell Lysis Solution (Gentra 
Systems, Minneapolis, Minnesota) was added to the sample tube. 
Following an initial incubation of 10 min at 95 C, 3 ~l of proteinase K 
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TABLE 1. Primer sequences used in this study. 
Primer Sequence (5'-3') Direction Sequence location (bp)* Reference 
H9 
H2 
MyxospecF 
MyxospecR 
Genmyx03 
Genmyx04 
Genmyx05 
ERIBI 
ERIBIO 
TTACCTGGTCCGGACATCAA 
CGACTTTTACTTCCTCGAAATTGC 
TTCTGCCCTATCAACTWGTTG 
GGTTTCNCDGRGGGMCCAAC 
TGATTAAGAGGAGCGGTTGG 
GGATGTTGGTTCCGTATTGG 
TAAGCGCAGCAACTTTGAGA 
ACCTGGTTGATCCTGCCAG 
CTTCCGCAGGTTCACCTACGG 
Forward 
Reverse 
Forward 
Reverse 
Forward 
Forward 
Reverse 
Forward 
Reverse 
1331-l350 
2021-2024 
301-322 
1214-1195 
982-1001 
957-976 
617-598 
2-20 
2079-2059 
Hanson et aI., 2001 
Hanson et aI., 2001 
Fiala, 2006 
Fiala, 2006 
Griffin et aI., 2008 
Griffinet aI., 2008 
Griffin et aI., 2008 
Barta et aI., 1997 
Barta et aI., 1997 
• Sequence location based on the 18S SSU rDNA sequence of Henneguya exilis (AF021881). 
(20 mg/ml) was added to the lysate, and the tube was mixed by inversion 
and incubated at 56 C overnight. The remainder of the isolation was 
carried out according to the manufacturer's suggested protocol. The 
purified genomic DNA was then suspended in 30 ~I of Puregene DNA 
hydration solution (10 mM Tris, 1 mM EDTA, pH 7.0-8.0). 
18S SSU rONA gene amplification 
The 18S SSU rDNA gene was first amplified with the universal 
eukaryotic primers ERIBI and ERIBIO (Barta et aI., 1997; Fiala, 2006) 
(Table I). Nested PCR reactions were carried out in duplicate using the 
generic myxozoan primer sets H2/H9 described by Hanson et al. (2001), 
MyxospecF-MyxospecR from Fiala (2006), and Genmyx03, Genmyx04, 
and Genmyx05 from Griffin et al. (2008) (Table I). The initial 25-~1 PCR 
reaction mixture contained 2.5 ~I of TaKaRa Taq® Hot Start Version lOx 
PCR Buffer (TaKaRa Bio, Otsu, Shiga, Japan), 5 mM of each 
deoxyribonucleotide triphosphate, 10 pmol of each primer, 0.625 U of 
TaKaRa Taq Hot Start Taq polymerase, template, and nuclease-free 
water to volume. The reaction mixture was cycled on a PTC-I00 thermal 
cycler with an initial denaturation step of 95 C for 10 min, followed by 30 
cycles of 95 C for 1 min, 48 C for 1 min, 72 C for 2 min, and a final 
extension step of 72 C for 10 min. Two microliters of PCR product from 
the initial reaction were used in nested PCR with the following primer 
combinations: Eribl/Genmyx05, H21H9, MyxospecFlMyxospecR, Gen-
myxo3/H2, and Genmyx04/H2. All reaction components remained the 
same except that 14.75 ~I nuclease-free water was used to bring the 
reaction volume to 25 ~I, and the annealing temperature was 52 C instead 
of 48 C. The PCR products were detected by electrophoresis through a 
1.2% agarose gel and visualized under ultraviolet light after ethidium 
bromide staining. 
DNA sequencing 
The PCR products were purified using the QIAquick® PCR Purification 
Kit (Qiagen, Valencia, California), resuspended in 20-0 Puregene DNA 
hydration solution and quantified using a Nanodrop® spectrophotometer 
and the accompanying software (Nanodrop Technologies, Wilmington, 
Delaware). 'Each product was sequenced directly 3 times in each direction 
by dideoxy chain termination sequencing (Sanger et aI., 1977) with an ABI 
Prism Dye Termination Cycle Sequencing Kit (Applied Biosystems, Foster 
City, California) using approximately 40 ng of template per reaction. The 
products were purified using Centri-Sep Spin columns (Princeton 
Separations, Adelphia, New Jersey) and analyzed at the USDA Mid-
South Area Genomics Laboratory in Stoneville, Mississippi. The obtained 
sequence fragments were assembled using the Seq Man utility of the 
Lasergene software package (DNASTAR, Madison, Wisconsin), and 
sequence ambiguities were clarified using corresponding ABI chromato-
grams. 
Phylogenetic analysis 
The obtained sequence was compared with similar myxozoan sequences 
identified using a BLAST (megablast; http://blast.ncbi.nlm.nih.gov/Blast. 
cgi) search of the NCBI nonredundant nucleotide database for highly 
similar sequences. Preliminary analysis (data not shown) included 75 of 
the most similar sequences (excluding duplicates) identified by the BLAST 
search. From this initial dataset, the number of sequences was reduced to 
include all Thelohanellus spp. sequenced to date, sequences from the 25 
most closely related myxobolids, as well as sequences from representative 
members of well-defined groups within the Myxobolidae (Andree et aI., 
1999; Salim and Desser, 2000; Kent et aI., 2001; Molnar et aI., 2002; 
Eszterbauer, 2004; Fiala, 2006; Ferguson et aI., 2008; Iwanowicz et aI., 
2008; Griffin, Khoo, et aI., 2009; Szekely et aI., 2009; Camus and Griffin, 
2010). 
Myxozoan sequences from representative groups within the Myxobo-
lidae were downloaded from the NCBI nucleotide database and aligned 
using the Clustal W application of the Molecular Evolutionary Genetics 
Analysis, v. 4.0 (MEGA4) software package (Tamura et aI., 2007). The 
sequences used in phylogenetic analysis are listed in Table II. Ceratomyxa 
shasta (GenBank accession number AFOOI579) was chosen as an 
outgroup for phylogenetic analysis. 
Phylogenetic and molecular evolutionary analyses were conducted on 
the obtained 18S SSU rDNA sequence using the MEGA4 software 
package (Tamura et aI., 2007). The data were analyzed by maximum 
parsimony analysis (MP) using a close-neighbor-interchange (CNI) search 
level 7, in which the initial trees were obtained with the random addition 
of sequences (1,000 replicates) with all alignment gaps treated as missing 
data (Eck and Dayhoff, 1966; Nei and Kumar, 2000). Minimum evolution 
(ME) distance analysis also was performed using a CNI search level 7, 
with evolutionary distances determined by maximum composite likelihood 
(Rzetsky and Nei, 1992; Nei and Kumar, 2000; Tamura et aI., 2004). The 
initial tree for ME analysis was generated using the neighbor-joining 
algorithm with all positions containing alignment gaps and missing data 
eliminated only in pairwise sequence comparisons (pairwise deletion 
option) (Saitou and Nei, 1987; Tamura et aI., 2004). Clade support for 
both analyses was assessed by bootstrapping (1,000 replicates for ME; 
1,000 replicates for MP) (Felsenstein, 1985). 
REDESCRIPTION 
The/ohanellus toyama; Kudo, 1933 
Synonym: Myxobo/us toyama; Kudo, 1915 
Spore morphology: Plasmodia containing Thelohanellus myxospores 
consisted of ovate pseudocysts, approximately 200 ~ in diameter, situated 
within central sinus of gill filaments. Removal and subsequent rupture of 
pseudocysts during wet-mount preparation revealed many myxospores 
lacking bilateral symmetry, with single polar capsules situated toward 
anterior end of spore body; concave on one side (Figs. 1, 2). Excised 
myxospores elongate and pyriform, with rounded posterior, 16.2 (14.7-
16.8) ~m long and 5.6 (4.6--6) ~ wide in valvular view. Single pyriform 
polar capsule measured 6.4 (5.8-7.2) ~m long and 4.2 (3.4-4.6) ~m wide with 
single polar filament coiled perpendicular to long axis of spore body making 
8 turns. Occasionally an oblong, irregularly shaped mass of protoplasm 
observed between polar capsule and spore capsule. Intercapsular appendix, 
iodinophilous vacuole, and mucous coat not observed. 
Taxonomic summary 
Host: Common carp Cyprinus carpio (Cyprinidae). 
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TABLE II. Myxozoan sequences (GenBank accession number) used in 
phylogenetic analysis. 
Species 
Theiohanellus spp. 
T. hovorkai 
T. kitauei 
T. nikolskii 
T. sinensis 
T. wuhanensis 
T. zahrahae 
Myxobolus spp. 
M . ampullicapsulatus 
M. basilamellaris 
M. bilobus 
M. bizerti 
M. carassii 
M. cerebra/is 
M. esabai 
M. cultus 
M. eye/oides 
M. dogieli 
M. ellipsoides 
M. episquamalis 
M. gayerae 
M. hungarieus 
M. koi 
M. lelllisuturalis 
M. leptobarbi 
M. Iongisporus 
M. macrocapsularis 
M. margilae 
M. musseliusae 
M. neurobius 
M. neurophi/us 
M.obesus 
M. pellicides 
M. pendula 
M. pseudokoi 
M. rotundus 
M. tasikkenyirensis 
M. toyamai 
M. wulii 
Henneguya spp. 
H. adiposa 
H. akule 
H. eutanea 
H. daoudi 
H. doneci 
H. doori 
H. gurlei 
H. ietaluri 
H. lateolabraeis 
H. lesteri 
H. rhinogobii 
H. salminieola 
H. shaharini 
H. weishanensis 
H. zsehokkei 
GenBank accession no. 
DQ231155 
GQ396677 
DQ231156 
DQ452013 
AYI65181 
EU643622 
DQ339482 
AF507971 
DQ008579 
AY129318 
DQ452012 
U96492 
EU643628 
AB121146 
DQ439810 
EU003978 
DQ439813 
AY129312 
DQ439809 
AF448444 
FJ710800; FJ841887 
AY278563 
EU643623 
AY364637 
FJ716095 
EU598803 
FJ710801 
AF085180 
FJ468489 
AY325286 
AF378339 
AF378340 
AF186839 
FJ851449 
EU643626 
FJ710802 
EF690300 
EU492929 
EU016076 
AY676460 
EU643625 
EU344899 
U37549 
DQ673465 
AF195510 
AB183747 
AF306794 
AB447993 
AF031411 
EU643630 
AYI65182 
AF378344 
FIGURE I. Wet-mount preparations of the myxospore stage of 
Thelohanellus toyamai demonstrating the coiled polar filaments within a 
single polar capsule. Spores resting in both valvular (V) and sutural (S) 
view; Nomarski interference; scale bars = 25 ~m . 
Locality: Fish cultured in the North Carolina. The producer has a 
history of importing brood fish from Asia. 
Other localities: None. 
Site of tissue development: Within connective tissue of the gill filament. 
Prevalence of infection: Unknown. 
Gross and histological examination 
Microscopic examination of wet mounts revealed that all gill filaments 
were filled with a series of nodules of various sizes distorting the normal 
architecture of the gill (Fig. 3). When the cysts were mechanically 
ruptured, the smaller cysts ruptured easily and were difficult to isolate 
because of their small size and proximity to each other. However, these 
smaller cysts contained large numbers of myxospores morphologically 
consistent with descriptions of Myxobolus longisporus and Myxobolus koi 
(Yokoyama et aI., 1997; Dykova et aI., 2003; Eiras et aI., 2005). 
Alternatively, the larger cysts (-200 ~m in diameter), which were easily 
isolated due to their size and structural integrity, consistently contained a 
myriad of pyriform, tear-shaped spores with a single ellipsoid polar 
capsule, consistent with Thelohanellus spp. (Hoffman, 1999). 
Histologically, pseudocysts up to 200 ~m in diameter located in the 
central sinus of the gill filaments immediately adjacent to the gill filament 
cartilage. Distention of the gill filament was pronounced, and lamellae 
adjacent to the cyst were no longer present. There was very little evidence 
of inflammation associated with the pseudocyst surface (Fig. 4). 
Remarks 
Lorn and Dykova (2006) described 2 distinct morphotypes of 
Thelohanellus, one containing a pyriform, tear-shaped polar capsule with 
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FIGURE 2. Wet-mount preparations and schematic of the myxospore stage of Thelohanellus toyamai demonstrating the coiled polar filaments within 
the single polar capsule and the oblong protoplasmic mass sometimes mistaken as a second, stunted polar capsule (arrows). Scale bars = 10 ~m. 
a single coil of polar filament similar to the case isolate. The second 
morphotype possessed a subspherical polar capsule with a second, inner 
coil. Comparisons of key morphological characteristics of several 
Thelohanellus spp. similar to the case isolate are presented in Table III. 
Sequence analysis for a 1964 bp region of the 18S SSU rONA gene 
revealed this isolate to be 99.9% similar (1962 of 1964 bp) to M. toyamai 
reported from C. carpio in Asia (FJl0802). Phylogenetically, this isolate 
clusters (98% bootstrap confidence for NJ; 100% for ME) with other 
myxobolids isolated from the gills of common carp (Figs. 5, 6), 
demonstrating tissue tropism within the clade that has been well 
documented by previous investigators (Martyn et aI., 2002; Zhao et aI., 
2008; Zhang et aI., 2010). 
A multiple alignment of sequences from the most closely related 
myxozoan species obtained from GenBank revealed 3 highly variable 
regions within the 18S SSU rONA locus, similar to those described 
previously by Iwanowicz et al. (2008). Pairwise comparisons revealed 
multiple bases differing between the case isolate and sequences of several 
other Myxobolus spp. However, there was high degree of sequence 
similarity between the case isolate and M. toyamai (Fig. 7), suggesting 
they are the same organism, even though the case isolate lacked the 
characteristic second polar capsule of Myxobolus spp. 
FIGURE 3. A gill arch from a koi (Cyprinus carpio) infected with several 
myxozoan parasites. Arrows depict pseudocysts containing T toyamai. 
FIGURE 4. Hematoxylin and eosin-stained histological sections of koi 
gill demonstrating two irregular coalescing plasmodia disrupting the 
normal lamellar architecture (A), and at higher magnification (B), the 
asynchronous development of the myxospores, with the mature myxo-
spores (black arrows) and the amorphous immature spores (white arrows) 
located at the periphery of the plasmodia. 
TABLE III. Key morphological characteristics of Thelohanellus spp. including several formerly classified as Myxobolus (Kudo, 1933). LPC, length of polar capsule; LSB, length of spore body; 
PCS, polar capsule shape; SI, site of infection; WPC, width of polar capsule; WSB, width of spore body. All measurements are provided in micrometers (~m). Values in parentheses denote size 
ranges when reported in conjunction with mean values. Dash = data not reported. 
Species LSB WSB LPC WPC PCS SI Host References 
Thelohanellus toyamai 16.2 (14.7-16.8) 5.6 (4.5-6.0) 6.4 (5.8-7.2) 4.2 (3.4-4.6) Pyriform Gills Cyprinuscarpio This paper 
(case isolate) 
Thelohanellus toyamai 15 7-8 7-8 3-4 Pyriform Gills Cyprinus carpio Kudo, 1919, 1933 
syn. Myxobolus toyamai Hoffman, 1999 
Thelohanellus fuhrmanni 18-20 8 9-10 Pyriform Many organs Several fishes Kudo, 1919, 1933 
syn. Myxobolus fuhrmanni Hoffman, 1999 
Thelohanellus kitauei 26.3 (23-29) 9.2 (8-11) 16.8 (14-18) 7.4 (6-9) Pyriform Intestinal wall Cyprinus carpio Egusa and Nakajima, 1981 
Hoffman, 1999 
Thelohanellus misgurni 14.-15.5 6-7.3 6.3 2-3 Pyriform Gall bladder Misgurnus Kudo, 1919, 1933 
syn. Myxobolus misgurni anguillicaudatus 
Thelohanellus notatus 17-18 7.5-8.0 7.0 4.0 Pyriform Subdermal Several fishes Kudo, 1919, 1933 
syn. Myxobolus notatus Hoffman, 1999 
Thelohanellus oculi-leucisci 9-10 4.5-5.5 5 2 Pyriform Vitreous humor Several fishes Kudo, 1919, 1933 
syn. Myxobolus oculi-leucisci of eyes Hoffman, 1999 
Thelohanellus pyriformis 16-18 7-8 7.5 3.5 Pyriform Many organs Several fishes Kudo, 1919, 1933 
syn. Myxobolus pyriformis Hoffman, 1999 
Thelohanellus rohitae 30-32 7-8 22-23 Pyriform Gills Labeo rohita Kudo, 1919, 1933 
syn. Myxobolus rohitae 
Thelohanellus seni 13.2-13.6 10.1-10.3 4 Pyriform Fins Labeo rohita Kudo, 1919, 1933 
syn. Myxobolus seni 
Thelohanellus unicapsulatus 12-13 7-8 6 3 Pyriform Skin Labeo niloticus Kudo, 1919, 1933 
syn. Myxobolus unicapsulatus 
Thelohanellus zahrahae 23.8 (21.7-26.3) 9.0 (8.5-9.4) 9.9 (7.9-10.8) 6.3 (5.3-6.6) Pyriform Gills Barbonymus Szekely et a!., 2009 
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FIGURE 5. Phylogenetic tree generated by maximum parsimony analysis 
of the 18S rDNA sequences of selected myxosporeans, rooted at Ceratomyxa 
shasta. Members of the Thelohanellus are highlighted in gray. Numbers 
at nodes indicate bootstrap confidence values (1,000 replications). M., 
Myxobolus; R., Henneguya; T., Thelohanellus; C, Ceratomyxa. 
DISCUSSION 
There have been several reports of Thelohanellus spp. from 
common carp; however, outside of Thelohanellus hovorkai and 
Thelohanellus nikolskii (Szekely et a!., 1998), relatively little is 
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'------------ C. shasta 
0.05 
FIGURE 6. Phylogenetic tree generated by minimum evolution analysis of 
the 18S rDNA sequences of selected myxosporeans, rooted at Ceratomyxa 
shasta. Members of the Thelohanellus are highlighted in gray. Evolutionary 
distances were computed using the maximum composite likelihood method 
and are in the units of the number of base substitutions per site. Numbers at 
nodes indicate bootstrap confidence values (1,000 replications). M., 
Myxobolus; R., Henneguya; T., Thelohanellus; C, Ceratomyxa. 
known about the group. According to a review by Lorn and 
Dykova (2006), there are at least 75 known species, of which only 
T. hovorkai, Thelohanellus kitauei, and T. nikolskii are thought to 
be pathogenic. Recently Szekely and others (2009) added to the 
list of potentially pathogenic species when they identified 
Thelohanellus zahrahae from the java barb (Barbonymus goniono-
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FIGURE 7. Alignment of 18S SSU rDNA sequences emphasizing 3 highly variable regions within the gene locus. Periods designate conserved regions; 
dashes designate gaps or missing data. Nucleotide positions are based on the 18S SSU rDNA gene sequence of Myxobolus longisporus (A Y364637). 
tus), suggesting the parasite may have pathological significance in 
Malaysian fish culture during cases of heavy infections. 
Several Thelohannelus spp. have been the subject of studies in 
Europe and Asia, focusing on everything from the life cycle, to 
pathology associated with infection, to the development of 
chemotherapeutic treatments of myxozoan infections in the host 
(Rhee et aI., 1993; Yokoyama, 1997; Liyanage et aI., 1998; Szekely 
et aI., 1998; Yokoyama et aI., 1999; Molnar, 2002; Yokoyama et 
aI., 2006). Hoffman (1999) cited 13 different Thelohanellus spp. 
that could potentially infect fishes of North American waters, 
identifying 6 from the common carp, including T. toyamai. 
However, this number may be higher as Thelohanellus dogieli was 
listed as a synonym of T. hovorkae and T. nikolskii, both of which 
have since been molecularly confirmed as distinct species 
(Eszterbauer et aI., 2006). Of the 13 species reported by Hoffman 
(1999) that could potentially infect North American fishes, only 4 
described species have actually been collected from North 
American waters, none of which was T. toyamai. 
With the advent of molecular techniques and the increasing 
availability of sequencing technology, it is important to encourage 
500 THE JOURNAL OF PARASITOLOGY, VOL, 97, NO, 3, JUNE 2011 
the simultaneous submission of supplemental sequence data with 
all species descriptions, new or otherwise. However, the original 
description of T. toyamai was published well before the advent of 
molecular techniques (Kudo, 1919, 1933). Additionally, the optics 
available at the time were significantly inferior to the digital 
imagery and high-resolution optics available today. As such, 
discrepancies between morphological descriptions made today 
and those made nearly a century ago are inevitable. 
Similar to Thelohanellus pyriformis, Thelohanellus notatus, and 
several other Thelohanellus spp., T. toyamai was originally 
classified as a Myxobolus containing a single polar capsule 
(Kudo, 1919, 1933). The original description of M. toyamai 
(Kudo, 1919) depicts a pyriform myxospore, with attenuated 
anterior and rounded posterior ends, no bilateral symmetry, 
curved lateral sides, a single pyriform polar capsule containing a 
distinct coiled polar filament at the anterior end with a small, 
oblong mass of protoplasm between the polar capsule and the 
shell. In 1933, to accommodate the several species of Myxobolus 
containing a single polar capsule, Thelohanellus was recognized as 
a distinct genus, differentiated from the Myxobolus by the absence 
of a second polar capsule. This resulted in the immediate 
reclassification of 11 species of Myxobolus, including M. toyamai 
(Kudo, 1933). Several of these species are listed along with their 
key morphological characteristics in Table III. The data present-
ed here support the original description identifying the absence of 
a second polar capsule. According to the defined characteristics of 
the Myxobolus and Thelohanellus genera (Kudo, 1933; Shul'man, 
1966; Hoffman, 1999), the pyriform, tear-shaped spore with a 
single pyriform, tear-shaped polar capsule places this isolate 
within the Thelohanellus. 
Lom and Dykova (2006) cited the difficulties in discriminating 
between Thelohanellus spp. with only 1 polar capsule and 
Myxobolus spp. with 2 polar capsules, 1 of which is extremely 
stunted. This is also evident within the literature, as many 
synonyms between the 2 genera exist (Kudo, 1933; Shul'man, 
1966; Hoffman, 1999). This ambiguity is suggestive of the close 
interrelatedness of Myxobolus and Thelohanellus, which has been 
supported by molecular phylogenetics. The data presented in this 
study also demonstrate the similarity of the 2 genera, placing this 
isolate more closely to Myxobolus spp. isolated from common 
carp in Asia than to Thelohanellus spp. (100% bootstrap support 
for both MP and ME analysis) isolated from different hosts. 
Similarly, based on 18S rDNA sequences, there is significant 
genetic divergence between different members of the Thelohanel-
Ius, as some species are more closely related to Myxobolus spp. 
and Henneguya spp. than other Thelohanellus spp. This suggests a 
monophyletic origin for Thelohanellus, Myxobolus, and Henne-
guya, which supports previous claims regarding the monophyletic 
origins of Myxobolus and Henneguya within the Myxobolidae 
(Kent et aI., 2001; Fiala, 2006; Lom and Dykova, 2006). The 
significant genetic separation between species of Thelohanellus, 
coupled with the considerable geographic separation and vari-
ability in preferred habitats of these different host families, 
suggests that paired polar capsules have developed (or resolved) 
during separate evolutionary events within the Myxobolidae, 
although the selective pressures that have led to these develop-
ments remain unclear. In a similar fashion, Henneguya spp. 
isolated from ictalurids in the southeastern United States indicate 
closer relatedness to some Myxobolus spp. than Henneguya spp. 
from other host families in different geographic locales (Griffin et 
aI., 2008; Iwanowicz et aI., 2008; Griffin, Khoo, et aI., 2009; 
Griffin, Wise, et aI., 2009). As such, phylogenetic classifications 
should not be made based on 18S SSU rDNA sequences alone, 
because isolates identified morphologically as Myxobolus or 
Thelohanellus may group molecularly with Henneguya spp. and 
vice versa. Thus, it is not surprising to find this isolate to fall 
genetically within a well-recognized clade of Myxobolus, although 
morphologically it has been classified as a Thelohanellus. 
Current taxonomic classifications are based largely on spore 
morphology, discriminating between species and genera based on 
the number and configuration of shell valves, polar capsules, and 
presence or absence of caudal processes. Unfortunately this 
classification system has limitations, especially at the family level, 
since differences in key morphological characteristics between 
closely related genera can be ambiguous (Lom and Dykova, 
2006). Recently several studies using l8S rDNA sequences to 
determine taxonomic relationships have shown that molecular 
phylogenies for many myxozoans demonstrate interrelatedness 
based more on tissue tropism, host species, and geographic 
distribution rather than spore morphology (Eszterbauer, 2002; 
Molnar et aI., 2002; Eszterbauer, 2004; Easy et aI., 2005; Molnar 
et aI., 2008). Still, for other groups, such as the ictalurid-infecting 
clade of Henneguya spp., taxonomic organization based on spore 
morphology and host predilections are in agreement with 
molecular phylogenies (Iwanowicz et aI., 2008; Griffin, Khoo, et 
aI., 2009; Griffin, Wise, et aI., 2009). Although useful, there are 
limitations with determining taxonomic relationships based on 
molecular systematics alone. Most molecular phylogenies for the 
Myxozoa, because of convenience and sequence availability, are 
based on a single gene (l8S SSU rDNA), with a majority of the 
sequences obtained from GenBank. As a consequence, these 
studies are dependent upon accurate species identifications and 
descriptions for the deposited sequences. Accordingly, ambiguous 
descriptions have significant impacts on taxonomic classifications. 
The rapidity at which new species of Myxozoa are being identified 
and previously described species are being genetically character-
ized stresses the importance of supplementing genetic sequence 
data with accurate morphological descriptions, as well as 
sufficient data regarding host type, site of infection, and 
geographic locale in order to maintain constancy within the 
group (Lom and Dykova, 2006). The findings presented here 
further demonstrate the limitations of using a single gene (18S 
SSU rDNA) for taxonomic classifications within the Myxozoa, as 
they do not always correlate directly with morphological 
classifications. Instead, molecular data are most useful when 
used to supplement morphological classification, providing a 
second level of distinction to assist in confirmation of species 
identification or to aid in differentiating between morphologically 
similar isotypes from different hosts and geographic regions. 
The original description for M. toyamai, prior to the acceptance 
of Thelohanellus as a distinct genus, reported the absence of a 
second polar capsule (Kudo, 1919). Shu'lman (1966) later 
mentions a second stunted polar capsule significantly smaller 
than the first, mentioning that it is often not recognized as a polar 
capsule. This is likely referring to the oblong irregular mass of 
protoplasm from the original description (Kudo, 1919), which 
was occasionally observed in this study. Both Shul'man (1966) 
and Hoffman (1999) list M. toyamai and T. toyamai as 
synonymous; however, by definition the absence of a second 
polar capsule classifies this organism within the Thelohanellus 
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(Kudo, 1933; Shul'man, 1966, Hoffman, 1999). Close examina-
tion of the digital images generated from the current study reveal 
no second polar capsule for this isolate; however, shadows and 
other artifacts, such as the oblong protoplasmic mass, can be 
misleading at low magnifications and resolutions, lending 
credence to the ambiguities involved in the 2 descriptions. The 
molecular sequence data of M. toyamai were recently submitted 
ancillary to an in-depth investigation into the tissue tropism and 
redescription of a different myxozoan parasite, Myxobolus wulii. 
Because M. toyamai was not the primary subject of the study, 
morphological or histopathological data were not provided to 
supplement the obtained DNA sequence (Zhang et aI., 2010). 
Nonetheless, the deposited GenBank sequence (FJ10802) is a 
99.9% match to the isolate described here, further supporting that 
M. toyamai and T. toyamai are one and the same. For the first 
time, 18S SSU rDNA sequence data are supplemented with 
histological and morphological descriptions, which offer a 
definitive identification of this isolate as T. toyamai in support 
of the original description (Kudo, 1919, 1933), eliminating 
ambiguities that can result from identifications based on 
morphology alone. For future reference, we suggest this organism 
be referred to as T. toyamai Kudo, 1933, in accordance with the 
original reclassification and the nomial M. toyamai be avoided 
because it is at best outdated and, at worst, incorrect. The 
sequence generated here has been deposited in GenBank using the 
accession number HQ336729. 
With the ubiquitous introduction of the common carp 
throughout temperate freshwaters of North America, it is 
important to chronicle the pathogens associated with this species 
(Camus and Griffin, 2010). At this time, the alternate oligochaete 
host for this parasite is unknown, and it remains unclear whether 
fish from this report became infected once they reached the 
United States or were infected prior to importation, although 
genetic analysis strongly supports the latter given the parasite's 
genetic similarities to Myxobolus spp. from Asia. Since the 
original submission, there has been no evidence of problems in 
subsequent years and no apparent impacts in the natural streams 
that receive water from this farm, suggesting the oligochaete host 
is absent or conditions are not conducive to completion of the life 
cycle. Additionally, the lack of a significant inflammatory 
response by the host suggests any negative impacts of infection 
are mechanical in nature and require large numbers of plasmodia 
to result in the respiratory distress. With light infections, the 
parasite is likely to have little effect on the host and, therefore, 
poses little risk in natural waters where conditions are not 
conducive to the accumulation of high parasite numbers as seen in 
intensive culture systems. 
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TWO NEW EIMERIA SPECIES (APICOMPLEXA: EIMERIIDAE) FROM THE YELLOW· 
CROWNED AMAZON AMAZONA OCHROCEPHALA (AVES: PSITTACIDAE) IN BRAZIL 
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ABSTRACT: In this study, we describe 2 new species of Eimeria associated with the yellow-crowned Amazon Amazona ochrocephala. 
Eimeria amazonae n. sp, has bilayered, ellipsoidal, and smooth oocysts that measure 48,9 X 36.2 11m; the length/width ratio is I ,3S, The 
micropyle and oocyst residuum are both absent, but the polar granule is present. Ovoidal sporocysts are 22,2 X 11.9 11m. Stieda and 
sub-Stieda bodies and sporocyst residuum are present. The 2 elongate sporozoites are curved and measure 18.1 X 3.4 11m; both have 2 
refractile bodies. Eimeria ochrocephalae n, sp. has bilayered, ellipsoidal, and smooth oocysts that measure 43,8 X 27,7 11m; the length/ 
width ratio is I.S8, The micropyle and oocyst residuum are absent, but the polar granule is present; ovoidal sporocysts are 20,6 X 
10, 111m. Stieda and sub-Stieda bodies and sporocyst residuum are present; 2 elongate and curved sporozoites are IS.8 X 3.4 11m, each 
of which has 2 refractile bodies, 
The yellow-crowned Amazon, Amazona ochrocephala Gmelin, 
is a Neotropical parrot found in Panama, south to eastern Brazil, 
and northern Bolivia, Birds occupy open woodland, borders of 
humid forest, gallery, and deciduous woodland, savanna, and 
open swampy areas, as well as cultivated and suburban areas 
(Juniper and Parr, 1998). 
To date, only 4 species of Eimeria Schneider, 1875, have been 
formally described for psittacid hosts (Upton and Wright, 1994). 
Here, we describe 2 new species of Eimeria from yellow-crowned 
Amazons. These parasites were discovered during a parasitolog-
ical survey of fecal material from several parrot species 
maintained in zoos in the State of Sao Paulo, southeastern Brazil. 
MATERIALS AND METHODS 
Fecal samples were collected twice, in August and September 2006, from 
a pair of adult breeding A. ochrocephala kept in the Zooparque de Itatiba, 
and samples were stored in 2,5% (w/v) aqueous solution of potassium 
dichromate (K2Cr207)' In the laboratory, the fecal material was filtered 
through a IS4-l1m sieve with clean water and concentrated by 
centrifugation at 1,200 g for S min. The pellet was homogenized with 
distilled water, suspended in saturated NaCl solution (d = 1.1 8 giml), and 
transferred to a McMaster counting chamber by means of a Pasteur 
pipette for oocyst observation. The unsporulated oocysts were allowed to 
sporulate on a dish containing 2.S% potassium dichromate solution at 
room temperature for a few days. 
The oocysts, sporocysts, and sporozoites were photographed with a 
Zeiss® light photo microscope and then measured with Image Manager 
IMSO© software (Leica IMSO 4.0 Imagic Bildverarbeitung AG, Leica 
Microsystems Imaging Solutions Ltd" Cambridge, U,K,), Measurements 
were taken from approximately 80 oocysts, 40 for each species. 
Several abbreviations as suggested by Wilber et al. (1998) are used to 
define structural characters of the 2 new species, i.e., oocyst: length/width 
ratio (LlW), oocyst residuum (OR), polar granule (PG); sporocyst: Stieda 
body (SB), sub-Stieda body (SSB), para-Stieda body (PSB), sporocyst 
residuum (SR); refractile body (RB), 
DESCRIPTION 
Eimeria amazonae n. sp. 
(Figs. 1, 2) 
Diagnosis: Oocysts ellipsoidal, bilayered, 48,9 (44.4-S3,8) X 36.2 (32,2-
39.S) 11m; LlW = I.3S; outer layer: smooth and colorless . Micropyle and 
(globular, granular), Sporozoites (SZ) 2, elongate and curved, 18.1 (17,3-
19,5) X 3,39 (2,7-4.4) 11m, Each with 2 RB. 
Taxonomic summary 
Type host: Amazona ochrocephala ochrocephala J ,F, Gmelin, 1788, 
Type locality: Itatiba , Sao Paulo, Brazil (23°02'47"S, 46°44'42"W). 
Type material: Photosyntypes (see Duszynski, 1999) of oocysts were 
deposited in the Museu de Zoologia, Universidade Estadual de Campinas 
(ZUEC), Sao Paulo, Brazil, under the number: ZUEC03, (Duszynski and 
Gardner [1991] concluded that the fixation of oocysts with traditional 
fixatives, e,g" ethanol or formalin, is an unsuitable procedure for 
preserving sporulated oocysts over time.) 
Sporulation time: Unknown. 
Site 0/ infection: Unknown, 
Etymology: The specific epithet of the new species is based on the name 
of the host genus, 
Eimeria ochrocephalae n. sp. 
(Figs. 3, 4) 
Diagnosis: Oocysts ellipsoidal, bilayered, 43 ,8 (37,9-49,3) X 27,7 (24,1-
32,0) 11m; LIW = 1.58. Outer layer: smooth and colorless; micropyle and 
OR absent. PG present (I, rounded), Sporocysts ovoidal, 20,6 (17.3-23,3) 
X 10.1 (8,6-11.7) 11m; SB and SSB present; PSB absent. SR present 
(globular, granular). Sporozoites (SZ) 2, elongate and curved, 15.8 (14.6-
17.2) X 3.4 (2.7-4,2) 11m; each with 2 RB. 
Taxonomic summary 
Type host: Amazona ochrocephala ochrocephala J, F, Gmelin, 1788. 
OR absent; PG present (I, rounded). Sporocysts ovoidal, 22,2 (20.2- 23,3) ~ 
X 11.9 (9.3-13,9) 11m, SB and SSB present; PSB absent. SR present 
Received 19 October 20 10; revised 7 January 20 II; accepted 13 January 
2011. FIGU RE I. Photomicrograph of Eimeria amazonae n, sp,; sporulated 
001: lO.1645/GE-268l.1 oocyst. 
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FIGURE 2. Line drawing of a sporulated oocyst of E. amazonae n. sp. 
Scale bar = 10 ).lm. 
FIGURE 3. 
lated oocyst. 
Photomicrograph of Eimeria ochrocephalae n. sp.; sporu-
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FIGURE 4. Line drawing of a sporulated oocyst of E. ochrocephalae n. 
sp. Scale bar = 10 ).lm. 
TABLE 1. Eimeria species described from Psittacidae. 
Oocyst 
Length Width 
Eimeria spp. Type hosts Shape ().lm) ().lm) 
E. dunsingi Melopsittacus Piriform! 33.7 22.8 
(Farr, 1960; undulatus ovoid 
Todd et aI., 1977) 
E. psittacina M. undulatus Rounded 22.0 17.3 
(Gottschalk, 1972) 
E. haematodi Trichoglossus Piriform 32.3 27.6 
(Varghese, 1977) haematodus 
E. aralinga (Upton Aratinga Ellipsoidal 35.0 25.9 
and Wright, 1994) canicularis 
E. ochrocephalae Amazona Ellipsoidal 43.8 27.7 
n. sp. (this study) ochrocephala 
E. amazonae n. sp. A. ochrocephala Ellipsoidal 48.9 36.2 
(this study) 
Type locality: Itatiba, 5110 Paulo, Brazil (23°02'47"5, 46°44'42"W). 
Type material: Photosyntypes of oocysts were deposited in the Museu 
de Zoologia, Universidade Estadual de Campinas, 5110 Paulo, Brazil, 
under the number: ZUEC04. 
Sporulation time: Unknown. 
Site of infection: Unknown. 
Etymology: The specific epithet of the new species is based on the name 
of the host species. 
Remarks 
The presence of unsporulated oocysts was observed twice (in August 
and September 2006). Infected birds showed no apparent symptoms of 
disease, such as diarrhea, prostration, or inactivity. The birds exhibited 
normal breeding and eating behavior. 
No Eimeria species has ever been described from Amazona spp. The 2 
new species described here are considerably larger than all the other ones 
known from psittacid birds (Table I). 
DISCUSSION 
Tsai et aI. (I992) observed 'coccidia' in Agapornis roseicollis, 
Psittacus erithacus, Psittacu/a krameri, and Trichog/ossus haema-
todus. Balicka-Ramisz et aI. (2007) also observed coccidia 
(Isospora sp. and Eimeria sp.) in Psittacus erithacus, Poicephalus 
senega/us, and Me/opsittacus undu/atus. None of them, however, 
was associated with species of Amazona. 
The most similar, and probably the closest relative of the 2 
species is E. aratinga Upton and Wright, 1994, which should be 
expected because of the proximity between the host species of 
Aratinga and Amazona, both of which belong to the monophyletic 
Tribe Arini (Wright et aI., 2008). 
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DESCRIPTION OF A NEW SPECIES OF KURILONEMA (NEMATODA: RHABDIASIDAE) 
FROM LUNGS OF THE SKINK SPHENOMORPHUS ABDICTUS AQUILONIUS (REPTILIA: 
SQUAMATA: SCINCIDAE) IN THE PHILIPPINES 
Yuriy Kuzmin and Vasyl V. Tkach* 
Department of Parasitology, Institute of Zoology, 15 Bogdan Khmelnytsky Street, Kyiv, 01601, Ukraine. e-mail: vasyl.tkach@und.edu 
ABSTRACT: Kurilonema browni n. sp. is described on the basis of specimens found in the lungs of the scincid lizard Sphenomorphus 
abdictus aquilonius from Aurora Province, Luzon Island, Philippines. The new species differs from Kurilonema markovi, the only 
previously known species in the genus, by the presence of 2 prominent lateral pseudolabia, larger body size, shorter tail length relative 
to total body length, and more numerous eggs in the uteri, containing fully developed larvae. The inner surface of the buccal capsule in 
the new species is densely covered with rounded scales that have not been observed in K markovi or any other rhabdiasid species. This 
is the first record of the genus from the Philippines. 
The Rhabdiasidae Railliet, 1915, consists of about 90 species, 
parasitic in the lungs of amphibians and some reptiles of the 
Squamata, Thirty-one species of Rhabdias Stiles and Hassall, 
1905, are known from snakes and lizards of various families 
(Kuzmin and Tkach, 2001-2009; Lhermitte-Vallarino et aI., 
2010), Several genera of rhabdiasids are exclusively parasites of 
lizards (Sauria): Entomelas Travassos, 1930; Pneumonema John-
ston, 1916; Chabirenia Lhermitte-Vallarino et aI., 2005; Kurilo-
nema Szczerbak and Sharpilo, 1969; and Neoentomelas Hasegawa, 
1989, Until now, all these genera, except for Entomelas, were 
monotypic, Species of Kurilonema, Neoentomelas, and Pneumo-
nema are specific parasites of skinks (Scindidae) in eastern Asia 
and Australia. 
In the course of a biodiversity survey of vertebrates and their 
parasites in the Philippines, we found lung nematodes in scincid 
lizards Sphenomorphus abdictus aquilonius Brown and Alcala, 
1980, collected in several localities on Luzon Island, These 
nematodes were clearly related to Kurilonema markovi Szczerbak 
and Sharpilo, 1969, but they differed from the latter species by a 
number of morphological characters. Therefore, our specimens 
from S. abdictus aquilonius are described herein as a new species 
of Kurilonema. 
MATERIAL AND METHODS 
Several species of scincid lizards were collected by hand or using pitfall 
traps at several collecting sites in the Aurora Province, Luzon Island, 
Philippines, during a field trip in the summer of 2009. The new rhabdiasid 
species was found in only 1 of the skink species, namely, S. abdictus 
aquilonius, collected in a limestone forest near Sitio Minoli, Barangay 
Real, Municipality of San Luis (600 m a.s.!.; 15.680oN, 121.529°E) and 
Aurora Memorial National Park, near Sitio Dimani, Barangay Villa 
Aurora, Municipality of Maria Aurora (500 a.s.!; 15.685°N, 121.341°E). 
Several S. abdictus aquilonius collected at 2 other sites (see discussion 
below) did not have this nematode species. 
Lizards were necropsied immediately. Live nematodes recovered from 
the lungs were rinsed in saline, killed with hot 70% ethanol, and preserved 
in 70% ethanol. Thirty·nine nematodes of the new species were studied; 36 
of them were measured. For morphological comparison, 1 specimen of 
Neoentomelas asatoi Hasegawa, 1989, and 11 specimens of K markovi 
from the collection of Schmalhausen Institute of Zoology (Kyiv, Ukraine) 
were scrutinized. Prior to investigation using light microscopy, the 
Received 28 June 2010; revised 22 December 2010; accepted 4 January 
2011. 
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nematodes were cleared in phenol/glycerine solution (ratio 2:1), Nema· 
todes were studied and photographed using a compound Zeiss Axio 
Imager Ml microscope equipped with DIC optics. Drawings were made 
with the aid of a drawing tube. All measurements in the text and table are 
in micrometers unless otherwise stated. 
Specimens used for scanning electron microscopy (SEM) were fixed in 
70% ethanol, dehydrated in a graded series of ethanol, and dried with 
hexamethyldisilazane (Ted Pella Inc., Redding, California) as a transition 
fluid, The specimens were mounted on aluminum stubs using conductive 
double-sided tape and silver paste, coated with gold-palladium, and 
examined with the use of a Hitachi 4700 scanning electron microscope 
(Hitachi U.S.A., Mountain View, California) at an accelerating voltage of 
5-10 kV. 
Type material was deposited in the parasite collection of the Harold W. 
Manter Laboratory (HWML) of the University of Nebraska, Lincoln, 
Nebraska. 
DESCRIPTION 
Kur;/onema brown; n. sp. 
(Figs. 1-19; Table I) 
Description (based on 7 adult specimens from Sitio Minoli; measurements 
of the holotype are followed by min-max measurements of 6 para types in 
parentheses; measurements of the whole studied series are given in Table I): 
Small nematodes with truncated anterior end and tapering posterior end 
(Fig. 12). Body 4.5 (4.52-5.07) mm long. Body width 167 (186-205) at 
esophageal-intestinal junction, 310 (329-372) at mid-length. Body cuticle 
smooth, slightly inflated on anterior and posterior parts of body, with 
irregular transverse folds at level of esophagus and in caudal region. 
Lateral pores present on surface of body as small round holes, single or 
doubled (Figs. 10, 11). 
Two lateral pseudolabia present, rounded-triangular in lateral view, 
subspherical in dorso-ventral view (Figs. 3, 4, 9). Two bands of muscles 
stretch sublaterally to each pseudolabium. Submedian lips subspherical, 
prominent. On each side, dorso-lateral and ventro-lateral lip situated 
closer to lateral pseudolabium; dorsal and ventral gaps between lips 
present (Figs. 1, 9). Six circumoral papillae present on inner surface of 
pseudolabia and submedian lips. Amphids simple, minute, pore-like, 
situated at top of each pseudolabium. 
Oral opening rounded, elongated in lateral direction, surrounded with 
dense cuticular ring (Fig. 1). Inner edge of ring sometimes directed 
anteriorly, thus having shape of 2 triangular "teeth" on longitudinal 
optical sections of anterior end. Buccal capsule large, barrel-shaped in 
lateral view, 57 (55-62) deep and 62 (60-65) wide (Figs, 3, 4). In apical 
view, outer outline of buccal capsule round, inner outline rounded 
hexagonal (Fig. 2). Buccal capsule walls thick, about 7 at middle part. 
Inner surface of walls rough, covered with oval convex scales (Figs. 
14-16). 
Esophagus club-shaped; cylindrical in anterior part, with egg-shaped 
posterior bulb (Fig. 5). Muscular fibers dense in anterior portion of 
esophagus, scattered in posterior bulb. Lumen of esophagus widened, 
funnel-shaped at anterior end (Figs. 3,4, 16). Esophagus length 310 (298-
329), width at anterior end 52 (52-57), maximum width of bulb 80 (75-85). 
Nerve ring situated at 161 (143-167) from anterior end of esophagus (52.0 
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FIGURES 1-8. Kurilonema browni n. sp. (1) Head end, apical view. (2) Optical section through the middle of buccal capsule, apical view. (3) Head end, 
dorso-ventral view. (4) Head end, lateral view. (5) Anterior part of body, lateral view. (6) Deirid. (7) Tail end, lateral view. (8) Tail end with 2 cuticular 
knobs on the tip, lateral view. Scale bars: 1-4, 6-8 = 50 11m; 5 = 100 !J1ll. 
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FIGURES 9-11. Kurilonema browni n. sp., SEM. (9) Head end. (10) Lateral surface of body with lateral pores. (11) Double lateral pores. Scale bars: 9, 
10 = 50 ).1m; 11 = 5 ).1m. 
[43.4--52.1]% of esophagus length). Excretory pore and deirids (Figs. 6, 17) 
situated at level of anterior part of esophageal bulb. Two excretory glands 
small, elongated, pear-shaped, situated close to ventral surface of body 
wall (Fig. 5). Two anterior and 3 posterior pseudocoelomocytes present. 
Anterior pseudocoelomocytes situated on ventral side, between posterior 
end of esophagus and bend of anterior genital tube. Posterior 
pseudocoelomocytes situated between bend of posterior genital tube and 
rectum. Pseudocoelomocytes oval-shaped or egg-shaped, or rounded-
triangular in lateral view, with smooth surface. 
Intestine wide, thick-walled. Anterior portion of intestine narrower than 
posterior bulb of esophagus, or wider in some specimens. Intestine walls 
brownish, containing numerous bright, translucent spherical inclusions in 
posterior part. Rectum short, thick-walled (Figs. 7, 19). 
Vulva situated at about middle of body length, 2.26 (2.20-2.57) mm 
from anterior end (50.2 [48.3-50.9]% of body length). Lips of vulva small, 
indistinct (Fig. 18). Vagina short, transverse, lined with smooth cuticle, 
Uteri elongated, filled with numerous eggs. Most eggs embryonated. Both 
genital tubes bending backward at junction of oviducts and uteri or at 
posterior part of oviducts. Distance from anterior end of body to bend of 
anterior genital tube 880 (890--900), distance from bend of posterior 
genital tube to tail end 920 (830-1,000). In some specimens, both ovaries 
bending second time at oocyte growth zone. 
Tail very short, conical, with rounded end (Figs. 7,8,19). One, rarely 2, 
small cuticular knobs present on tail tip. Tail length 62 (62-81), or 1.4 
(1.3-1.8)% of total length. 
Taxonomic summary 
Type host: Sphenomorphus abdictus aquilonius Brown and Alcala, 1980 
(Squamata, Scincidae). 
Prevalence and intensity: Nineteen of 26 lizards (73,1%) in 2 localities 
where the new species was found were infected with 1-8 nematodes; mean 
intensity 2.8. 
Site of infection: Lungs. 
Type locality: Sitio Minoli, Barangay Real, Municipality of San Luis, 
Aurora Province, Luzon Island, Philippines (600 m a.s.!.; 15.680oN, 
121.529°E). 
Other localities: Aurora Memorial National Park, near Sitio Dimani, 
Barangay Villa Aurora, Municipality of Maria, Aurora Province, Luzon 
Island, Philippines (500 a.s.l.; IS.68s oN, 121.341°E). 
Specimens deposited: The type series consists of 7 fully mature 
specimens. Holotype: HWML66668 (labeled: ex. Sphenomorphus abdictus 
aquilonius, Sitio Minoli, Municipality of San Luis, Aurora Province, 
Luzon Island, Philippines, 13 June 2009, collector V. Tkach). Paratypes: 
HWML66669 (labeled: ex. Sphenomorphus abdictus aquilonius, Sitio 
Minoli, Municipality of San Luis, Aurora Province, Luzon Island, 
Philippines, 13 June 2009, collector V. Tkach). Voucher specimens used 
in the description: HWML66670--66672 (labeled: ex. Sphenomorphus 
abdictus aquilonius, Sitio Minoli, Municipality of San Luis, Aurora 
Province, Luzon Island, Philippines, 13 June 2009, collector V. Tkach) and 
HWML66673-66678 (labeled: ex. Sphenomorphus abdictus aquilonius, 
Aurora Memorial National Park, near Sitio Dimani, Barangay Villa 
Aurora, Municipality of Maria Aurora, 22-26 May 2009, collector V. 
Tkach). 
Etymology: The species is named for Dr. Rafe Brown (University of 
Kansas, Lawrence, Kansas), for his contributions to our knowledge of 
Philippine amphibians and reptiles and his pivotal role in organization of 
the expedition that yielded the specimens described in this study. 
REMARKS 
The new species clearly belongs to Kurilonema Szczerbak and 
Sharpilo, 1969, based on the similarities between the new species 
and K. markovi Szczerbak and Sharpilo, 1969, namely, the large 
buccal capsule with prominently sclerotized walls, the absence of 
teeth on the bottom of the buccal capsule, and the shape of the 
oral opening and body cuticle. In addition, both species are 
parasites of skinks (Scincidae) in eastern Asia. The new species 
differs from K. markovi in the presence of 2 lateral pseudo labia; 
the body size in K. browni n. sp. is approximately twice as large as 
in K. markovi (4.24-5.45 mm vs. 1.56-2.0 mm in K. markovi 
[Kuzmin and Sharpilo, 2002]); eggs in K. browni n. sp. are more 
numerous and may contain fully developed larvae, whereas in 
K. markovi eggs are few and in early cleavage stages. Both species 
are similar in tail length; however, the tail in K. browni n. sp. is 
comparatively shorter, occupying just 1.3-2.1 % of total length 
versus 4.0-5.6% in K. markovi (Kuzmin and Sharpilo, 2002). 
Cuticular knobs on the tip of the tail are absent in K. markovi, 
1 or 2 knobs are present in K. browni n. sp. 
The new species is also similar to N. asatoi in the shape of the 
buccal capsule, absence of teeth, and specificity to Scincidae. In 
contrast to both species of Kurilonema, N. asatoi possesses dorsal 
and ventral pseudo labia (Hasegawa, 1989). 
Kurilonema browni n. sp. differs from both K. markovi and N. 
asatoi, as well as from other species of Rhabdiasidae, by the rough 
inner surface of the buccal capsule, which is covered with rounded 
convex scales. 
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FIGURES 12-16. Kurilonema browni n. sp., photomicrographs. (12) General view of 2 specimens attached to each other. (13) Higher power 
photomicrographs of K. browni n. sp. attached to the body wall of another specimen. (14--16) Optical sections of the head end (lateral view) at level of 
lateral pseudolabium (14), submedian lips (15), and midwidth of buccal capsule (16). Scale bars: 12 = 1 mm; 13 = 100 ~m; 14-16 = 50 ~m. 
DISCUSSION 
The new species was present in S. abdictus aquilonius only in the 
2 above mentioned localities, although 12 individuals of the same 
skink species were collected and examined for parasites in 2 
additional localities, 1 in the municipality of Baler (75 m a.s.l.; 
l5.742°N, 121.576°E) and another in the municipality of 
Casiguran (1 m a.s.l.; l6.293°N, l22.l86°E). Interestingly, both 
sites where the new species was found are located at an elevation 
of 500-600 m above sea level, while the 2 collecting sites where the 
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FIGURES 17-19. Kurilonema browni n. sp., photomicrographs. (17) Anterior part of body (dorso-ventral view) with deirids (arrows). (18) Region of 
vulva, lateral view. (19) Tail end, lateral view. Scale bars = 100 lim. 
new species was absent were located at the sea coast or very close 
to it, at elevations of only 1-75 m above sea level. At this time, it 
is difficult to judge what factors influence distribution of these 
nematodes and their differential occurrence at different eleva-
tions. Rhabdiasid nematodes were found in other reptilian and 
amphibian hosts at both the Baler and Casiguran sites. 
Our current data suggest that K. browni n. sp. is a rather 
specific parasite of S. abdictus aquilonius. Other species of 
Sphenomorphus, namely, Sphenomorphus cumingi, Sphenomorphus 
decipiens, and a yet unidentified third species, as well as at least 2 
different species of skinks belonging to Brachymeles, have been 
collected sympatrically with S. abdictus aquilonius. Despite 
sharing habitat and sometimes the same tree log, none of those 
skinks had lung nematodes. This further corroborates the views of 
Tkach et al. (2006), suggesting that rhabdiasid nematodes, at least 
under natural conditions, may exhibit rather strict host specificity. 
Kurilonema Szczerbak and Sharpilo, 1969, was erected based on 
significant morphological differences between its type species, K. 
markovi Szczerbak and Sharpilo, 1969, and members of Rhabdias 
Stiles and Hassall, 1905, and Entomelas Travassos, 1930 
(Scherbak and Sharpilo, 1969). Kurilonema markovi possesses a 
relatively large, thick-walled buccal capsule similar to that in 
Entomelas spp, and different from the buccal capsule in members 
of Rhabdias. At the same time, it lacks teeth (onchia) on the 
bottom of the buccal capsule typical of Entomelas. Baker (1980) 
considered the absence of teeth in Kurilonema as "insufficient 
grounds to propose a new genus" and synonymized Kurilonema 
with Entomelas. Hasegawa (1989) differentiated Neoentomelas 
Hasegawa, 1989, from species of Entomelas Travassos, 1930, 
sensu Baker (1980), and the obvious similarities between 
N eoentomelas and Entomelas (= Kurilonema) markovi were not 
mentioned in the diagnosis. Both N. asatoi and K. markovi are 
parasitic in scincid lizards in eastern Asia. They are relatively 
small rhabdiasid nematodes with large, barrel-shaped or spherical 
buccal capsules. Kurilonema markovi was redescribed by Kuzmin 
and Sharpilo (2002) based on additional material. These authors 
insisted on the validity of Kurilonema and emphasized its 
similarity to Neoentomelas. The presence of teeth (onchia) was 
considered as a key diagnostic character for Entomelas Travassos, 
1930. Teeth were observed in all Entomelas spp., including 3 
species described thereafter in the Neotropical Realm, i.e., 
Entomelas campbelli Martinez-Salazar and Leon-Regagnon, 
2005, Entomelas floresvillelai Martinez-Salazar and Le6n-Regag-
non, 2005, and Entomelas duellmani Bursey and Goldberg, 2006 
(Martinez-Salazar and Le6n-Regagnon, 2005; Bursey and Gold-
berg, 2006). 
We support the validity of Kurilonema and place the new 
species described herein into this genus. Kurilonema browni n. sp. 
and K. markovi share important morphological characters (shape 
and relative size of the buccal capsule, shape of oral opening) and 
both are specific parasites of scincid lizards in eastern Asia. 
The sclerotized buccal capsule known in species of Kurilonema, 
Neoentomelas, and Entomelas not only supports the shape of their 
large buccal cavity but also facilitates their attachment to the 
host's lung or esophagus wall. The attachment is, however, not 
selective, and the nematodes can attach to any appropriate 
surface (Figs. 12, 13). 
The lateral pores have been previously reported from members 
of rhabdiasid genera Rhabdias and Pneumonema (Singh and 
Ratnamala, 1975; Ballantyne, 1986; Baker, 1987; Junker et aI., 
2010; Lhermitte-Vallarino et aI., 2010). Although they can be 
detected with a light microscope, they are best observed using 
scanning electron microscopy. Most probably, these structures 
were overlooked in the majority of rhabdiasids due to limited 
number of electron microscopical studies. We have found the 
pores in all Rhabdias species that we have examined under SEM 
(data not shown). At the same time, the doubled lateral pores 
found in K. browni n. sp. have not been reported so far in other 
rhabdiasids. It would be premature to say that they are unique 
because closely related species have not been studied with SEM. 
The same concerns the potential value of this character for species 
differentiation. Inclusion of numerous representatives of the 
family in electron microscope studies will provide comparative 
data necessary to adequately address this question. 
The presence of lateral pseudo labia clearly distinguishes the 
new species from K. markovi. Pseudo labia are known from other 
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TABLE I. Morphometry of 36 specimens of Kurilonema brolVni n. sp. from Sphenomorphus abdictus aquilonius. SD standard deviation, CV 
coefficient of variation. 
Characters Mean Minimum Maximum SD CV 
Body length (mm) 4.80 4.24 5.45 0.303 6.33 
Body width at esophageal-intestinal junction 173 143 205 17.04 9.86 
Body width at vulva 326 229 409 40.76 12.51 
Buccal capsule depth 57 55 62 2.22 3.88 
Buccal capsule maximum width 62 57 65 1.46 2.34 
Length of esophagus (E) 312 254 341 16.50 5.29 
Length of esophagus (% of body length) 6.5 5.0 7.4 0.51 7.88 
Width of esophagus anterior end 54 45 60 2.70 5.04 
Esophageal bulb width 78 70 85 3.54 4.55 
Distance from anterior end of E to nerve ring (NR) 152 130 167 8.05 5.30 
Distance from anterior end of E to NR (% of E length) 48.8 43.4 63.4 3.91 8.02 
Distance from anterior end to bend of anterior genital tube 799 470 1030 129.15 16.17 
Distance of posterior genital tube bend to posterior end 945 750 1180 110.71 11.71 
Distance from anterior end to vulva (mm) 2.37 1.89 2.68 0.177 7.49 
Distance from anterior end to vulva (% of body length) 49.3 44.6 54.9 2.18 4.42 
Tail length 77 62 93 9.55 12.32 
Tail length (% of body length) 1.6 1.3 2.1 0.20 12.34 
Egg length* 102 95 1I0 4.17 4.1I 
Egg width* 47 42 50 2.41 5.15 
* n = 12. Eggs were released from uteri and measured after clearing in phenol/glycerin. 
members of the Rhabdiasidae, i.e., they are found in a number of 
Rhabdias species (Baker, 1978; Kuzmin et aI., 2003, 2005; Tkach 
et aI., 2006; Kuzmin et aI., 2007). In K browni n. sp., the shape of 
lateral pseudolabia is similar to that in Rhabdias americanus 
Baker, 1978, Rhabdias kongmongthaensis Kuzmin, Tkach and 
Vaughan, 2005, and Rhabdias tarichae Kuzmin, Tkach and 
Snyder, 2003. In contrast to the aforementioned Rhabdias species, 
the oral opening in K browni n. sp. is elongated in the lateral, but 
not in the dorso-ventral, direction. 
Close interrelationships among Kurilonema spp. and N. asatoi 
are strongly suggested by the similarities in their morphology, 
host specificity, and distribution. However, currently available 
data are insufficient to unite them into a single genus. We have 
obtained ITS and partial 28S nuclear ribosomal DNA sequences 
from the new species, but, in the absence of sequences or fresh 
material of K markovi and N. asatoi, these data are not able to 
resolve the relationships between these genera at the present time. 
Further molecular phylogenetic study is necessary in order to test 
the relatedness of these species and their phylogenetic affinities 
within the Rhabdiasidae. 
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ABSTRACT: The prevalence of Hepatozoon parasites in 460 lizards from North Africa was studied by amplification and sequencing of 
the 18S rRNA gene, The phylogenetic analysis of the 18S rRNA gene provides new insights into the phylogeny of these parasites with 
multiple genetically distinct lineages recovered. Parasite prevalence differed significantly between lacertid lizards and geckos. Our 
results show that there is limited host specificity and no clear relation to the geographical distribution of Hepatozoon parasites, 
The Apicomplexa, a group of unicellular parasites, is the 
poorest-studied group of all animals in terms of biodiversity, with 
only about 0.1 % of species described relative to the total number 
of species estimated (Morrison, 2009), Within Apicomplexa, there 
is a bias towards a few genera, such as Plasmodium, Babesia, and 
Toxoplasma, due to their great medical importance and public 
health consequences, However, several of the most abundant 
apicomplexan parasites in amphibians, reptiles, and mammals, 
such as Hepatozoon, Haemogregarina, Karyolysus, or Hemolivia, 
are part of the hemogregarine group (Apicomplexa, Adeleorina) 
(Smith, 1996; Smith and Desser, 1997; Telford, 2009), 
Species of Hepatozoon are apicomplexan intracellular parasites 
included in the Hepatozoidae family of hemogregarines and are 
widely distributed in reptiles, mammals, and amphibians (Telford, 
2009), Hepatozoon is a very diverse genus with more than 300 
species currently assigned to it, based largely on morphological 
characters, host-specificity, and life cycle patterns (Smith, 1996), 
Although it is considered as a single genus, due to significant 
characteristics and diverse life histories of its species, a 
phylogenetic analysis on morphological and developmental 
characters by Smith and Desser (1997) suggested it should be 
partitioned into 2 genera, Moreover, reviews of the current 
hemogregarine taxonomy using a more integrative approach have 
revealed that many species seem to be wrongfully classified, The 
result is many instances of inconsistent phylogenies (Mathew et 
aI., 2000) which have led, for instance, to some species from the 
other genera, e.g., Haemogregarina, being relocated to the genus 
Hepatozoon (see Smith, 1996), 
Although fitness-effects are known to be significant in many 
mammals (Macintire et aI., 1997; Baneth et aI., 2003; Marchetti 
et aI., 2009), the effects and prevalence in reptiles is poorly 
known. The few existing studies report very different effects on 
the hosts ranging from anemia and immunosuppression (Telford, 
1984) to no apparent effects (Caudell et aI., 2002; for a revision 
on the effect of several Hepatozoon spp, on their hosts, see 
Telford, 2009), It has been hypothesized that hemogregarines are 
generally well-adapted parasites that cause little or no patho-
genic change in their natural hosts but can cause clinically 
significant inflammatory disease in unnatural hosts (Wozniak et 
aI., 1994, 1996). 
The aim of the present study was to assess Hepatozoon spp, 
prevalence in various reptile groups across the Maghreb, the 
region of North Africa that includes Morocco, Algeria, and 
Tunisia, thereby providing new molecular data on reptilian 
Hepatozoon species, Little is still known about hemogregarines 
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of reptiles from North Africa, and there are only a few records 
from some reptile species, e,g., Ptyodactylus, Tarentola, and 
Hemidactylus in Saoud et al. (1995), Psammophis and Naja in 
Saoud et al. (1996), Varanus griseus in Ramdan et al. (1996), 
and Ptyodactylus in Hussein (2006) (all from Egypt), identified 
using traditional blood smear preparations, However, recent 
studies have reported a high prevalence of hemogregarines in 
several lizard species of the Iberian Peninsula such as Podarcis 
(Amo et aI., 2004; Roca and Gald6n, 2010), Iberolacerta 
monticola (Amo, Lopez et aI., 2005), or Timon lepidus (Amo, 
Fargallo et aI., 2005). Thus, it is likely that these genera will 
have at least some infected individuals in the related species 
existing in North Africa, although prevalence in other groups 
remains essentially unknown. 
Traditionally, diagnostic and species descriptions of Hepato-
zoon spp. were accomplished through the identification of 
gametocyte morphology in the vertebrate intermediate host 
and the sporogonic stages in the invertebrate definitive host 
(Telford et aI., 2004; Sloboda et aI., 2007). Thus, taxonomic 
assignment of new species is given according to the host(s) and 
tissue(s) the parasites inhabit, which makes nomenclature more 
utilitarian than phylogenetic (Morrison, 2009; but see Smith and 
Desser [1997] for a phylogenetic approach based on morpholog-
ical and developmental characters). In fact, the occurrence of 
gametocytes in a new host has often been used to justify the 
description of a new species (Ball, 1967; Sloboda et aI., 2007), 
However, given that parasites may infect a wide range of host 
species, it has been suggested that molecular tools which can be 
used to assess the phylogenetic relationships between parasites 
should also be included for diagnostic and taxonomic purposes 
(Telford et aI., 2004). 
Various studies indicated that detection of parasites from blood 
or tissue samples, using PCR protocols followed by DNA 
sequencing, is at least as effective as examination of blood 
smears, if not more so, as it can detect low levels of parasitemia 
and distinguish between species or strains through the detection of 
polymorphisms (e,g., Ujvari et aI., 2004; Criado-Fornelio et aI., 
2007; Merino et aI., 2009; Gabrielli et aI., 2010; Harris et aI., 
2011), At the same time, after this methodology is optimized, it 
becomes an easier and faster method with which to assess 
prevalence on larger numbers of individuals, 
Here, 460 reptile samples from North Africa were assessed 
using Hepatozoon-specific primers that amplify a region of 18S 
rRNA. By comparing various families and genera of reptiles, 
parasite prevalence could be compared at different host taxo-
nomic levels, A phylogenetic analysis was performed to clarify 
how Hepatozoon spp, from this region were related to known 
Hepatozoon spp, from other reptiles and vertebrate hosts, 
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FIGURE 1. Map of North Africa containing the location of the analyzed samples in this study. Dark squares indicate samples negative for Hepatozoon 
whereas white dots indicate positive samples. Species designation and the number of positive individuals (in brackets) are given for each region. The map 
was done using the Quantum GIS (ver. 1.5.0., 'Tethys') software. 
MATERIALS AND METHODS 
Sample collection 
Tissue samples from lizard specimens collected between 2003 and 2009 
across the Maghreb (see Fig. I), and preserved for molecular analysis (tail 
tips containing blood stored in 96% ethanol), were used to detect the 
presence of Hepatozoon parasites. In all cases, lizards were collected, 
identified, digitally photographed, and their location registered using a 
GPS device. Afterwards, they were released at the capture place. A total of 
460 tissue samples were collected: 19 from Tunisia, 21 from Algeria, and 
420 from Morocco, comprising a total of 9 genera from 3 lizard families 
(see Table I). More details regarding these locations are published in 
Harris et a!. (2008, 20 I 0). 
DNA extraction, amplification, and sequencing 
DNA was extracted from tissue using DNeasy Blood & Tissue kit 
(Qiagen, Washington, D.C.) following the manufacturer's instructions or 
by using standard high salt methods (Sambrook et a!. , 1989). Detection of 
TABLE I. Family and genus of Hepatozoon hosts included in this study. 
For each genus, the total number of individuals analyzed and the number 
of infected samples are given, as tested through PCR amplification (PCR). 
Observed prevalence is calculated using the total number of lizard hosts 
analyzed and the total number infected. 
Total Total Observed 
Family Genus analyzed infected prevalence (%) 
Scincidae Chalcides 68 1.5 
Eumeces 15 2 13.3 
Lacertidae Atlantolacerta 50 I 2.0 
Timon 35 5 14.3 
Podarcis 34 6 17.6 
Scelarcis 23 I 4.3 
Gekkonidae Ptyodactylus 26 2 7.7 
Quedenfeldtia 56 2 3.6 
Taren/ola 153 3 2.0 
460 23 5.0% 
Hepatozoon parasites was initially made using PCR reactions, with the 
hemogregarine-specific primers HEMOI and HEM02 targeting part of 
the 18S rRNA region following Perkins and Keller (2001). Samples were 
then used in a further PCR reaction using the primers HepF300 and 
HepR900, targeting another part of the I 8S rRNA region following Ujvari 
et al. (2004). PCR conditions for both fragments are detailed in Harris et 
al. (201 I). Negative and positive controls were run with each reaction. The 
positive PCR products obtained were purified and sequenced by a 
commercial sequencing facility (Macrogen Inc., Seoul, Korea). All 
fragments were sequenced in both directions. 
Phylogenetic analysis 
Consensus sequences for each individual were created by combining the 
sequences of the 2 partially overlapping 18S rRNA regions, thereby 
obtaining a total of 23 parasite sequences and 12 unique haplotypes. 
Sequences were blasted in GenBank and all of them matched known 
Hepatozoon spp. sequences. These were aligned with 22 Hepatozoon 
sequences retrieved from GenBank (see GenBank accession numbers and 
more details in Harris et aI. , 2011). This included all available sequences 
that were as long as those generated for this study, except for H canis and 
H felis, for which a representative subset was included. Sequences were 
aligned using ClustalW software implemented in the program BioEdit 
(Hall, 1999). The final dataset contained 45 Hepatozoon sequences 
approximately 1,400 bp in length. Sequences have been submitted to 
GenBank (accession numbers HQ734787 to HQ734809). 
Three different phylogenetic analyses (maximum likelihood [ML], 
maximum parsimony [MP], and Bayesian inference [BID were conducted. 
ML analysis with random sequence addition (100 replicate heuristic 
searches) was used to assess their evolutionary relationships. Support for 
nodes was estimated using the bootstrap technique (Felsenstein, 1985) 
with 1,000 replicates. The AIC criteria carried out in Modeltest 3.06 
(Posada and Crandall, 1998) was used to choose the model of evolution 
employed. MP analysis was performed in PAUP v. 4.0b10 (Swofford, 
2002) with 1,000 replicate heuristic searches and support estimated using 
the bootstrap technique. BI analysis was implemented using Mr. Bayes 
v.3.1 (Huelsenbeck and Ronquist, 200 I) with parameters estimated as part 
of the analysis. The analysis was run for 5 X 106 generations, saving I tree 
each 1,000 generations. The log-likelihood values of the sample point were 
plotted against the generation time and all the trees prior to reaching 
stationary were discarded, ensuring that burn-in samples were not 
retained. Remaining trees were combined in a 50% majority consensus 
tree in which frequency of any particular clade represents the posterior 
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FIGURE 2. Tree derived from a maximum likelihood (ML) analysis 
using the GTR+I+y model. The consensus tree of 3,432 maximum 
parsimony (MP) trees (407 steps) differed only in being less well-resolved. 
Bootstrap values for MP and ML are given above relevant nodes, 
respectively, and Bayesian posterior probability appears below them_ 
When all values were 100%, this is indicated with a "+" symbol. 
probability (Huelsenbeck and Ronquist, 2001). Following Morrison 
(2009), Adelina bambarooniae was used as an outgroup for rooting the 
phylogenetic tree. 
RESULTS 
Of the 460 individuals analyzed, 23 were found to be infected 
with Hepatozoon parasites, resulting in an overall prevalence of 
5%_ Prevalence was not uniformly distributed among the different 
genera analyzed (Table I). It was lower among Chalcides 
(Scincidae), Tarentola (Gekkonidae), and Atlantolacerta (Lacer-
tidae) with 1.5%, 2%, and 2%, respectively, and was higher 
among Timon and Podarcis (Lacertidae) with 14.3% and 17_6%, 
respectively_ Assessing the 2 families with greater sampling 
(Lacertidae and Gekkonidae), the number of positives found 
(13 and 7, respectively) were significantly higher for lacertids and 
lower for geckos (X2 test, P < 0_05) than the ones that would be 
expected if prevalence was uniform (7_5 and 12.5, respectively)_ 
All phylogenetic methodologies produced the same estimate of 
relationships among the Hepatozoon sequences of the 18S rRNA 
gene (Fig_ 2)_ Our results show the existence of 4 main lineages in 
the Maghreb region; 2 are composed of sequences from parasites 
of geckos (species of Ptyodactylus, Tarentola, and Quedenfeldtia -
lineages A and B), 1 of a single Hepatozoon isolate of a lacertid 
(Timon sp_ -lineage C) and the other of lacertids (Atlantolacerta, 
Timon, Podarcis, and Scelarcis -lineage D) and skinks (Eumeces 
and Chalcides species) (see Fig_ 2)_ 
The first lineage found in geckos (lineage A in Fig. 2, from 
Tarentola and Quedenfeldtia with 2 isolates from Algeria and 1 
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from Morocco, respectively) is closely related to Hepatozoon spp_ 
found in skinks (Mabuya wrightii) and snakes (Lycognathophis 
seychellensis) from the Seychelles Islands_ A second lineage found 
in geckos (lineage B in Fig_ 2, from Ptyodactylus sp_ from Algeria 
and Morocco and species of Tarentola and Quedenfeldtia from 
Morocco) is, however, more closely related to Hepatozoon found 
in members of the Rodentia from Chile, Spain, and Thailand and 
to Hepatozoon ayorborg reported from a royal python, Python 
regius. The lineage with a single Hepatozoon sequence from a 
lacertid host from Morocco (lineage C in Fig. 2, from Timon sp_) 
is surprisingly not related to other lacertids and is sister taxa to 
the group comprising Hepatozoon spp_ from rodents and most 
reptiles, including the 2 previously described lineages from geckos. 
Finally, the fourth identified lineage (lineage D in Fig_ 2, with all 
the other 15 isolates [8 haplotypes] from lacertids and skinks from 
Morocco) forms a distinct clade from the other reptiles, sister taxa 
to a clade that includes Hepatozoon spp_ reported from carnivores 
(including H. felis, H. canis, and H. americanum) and undeter-
mined Hepatozoon sp. from a squirrel and pine marten. There can 
be highly divergent lineages of Hepatozoon spp_ infecting the same 
host species (e.g_, species in Quedenfeldtia, Podarcis, and Timon). 
On the other hand, Hepatozoon spp_ of Chalcides spp_ share the 
same haplotype with species of Hepatozoon in Eumeces spp_, as do 
species from Atlantolacerta and Timon (Fig_ 2)_ 
DISCUSSION 
Hepatozoon spp_ prevalence has been assessed for the first time 
among different lizard families across the Maghreb region of 
North Africa_ Our results show that the occurrence of Hepatozoon 
species varies significantly among lizard families, with lacertids 
showing higher prevalence values than do geckos_ In fact, species 
of Podarcis and Timon show the highest prevalence values, i_eo, 
17_6% and 14.3%, respectively_ Nonetheless, species sampling was 
not uniform across regions, with a high number of infected 
individuals from 1 species being collected from a single region, 
e_g_, Podarcis sp_, whereas individuals from other species that are 
widespread had few individuals sampled from each location, e_g_, 
species of Ptyodactylus and Tarentola_ This is clearly reflected in 
the number of positives from each location (see Fig_ 1) and, thus, 
further research using more uniform sampling of groups from 
each region is needed for a comparison between parasite 
prevalence and location_ 
Furthermore, prevalence in the present study is lower than that 
found in a recent morphological survey of hemogregarines in 
Podarcis bocagei and Podarcis carbonelli from the Iberian 
Peninsula by Roca and Gald6n (2010) (74.7% and 69_7%, 
respectively, based on blood smear surveys)_ Despite the different 
methodologies used in both studies, the relatively high prevalence 
of Hepatozoon spp. in Podarcis and Timon spp. suggest these can 
be promising populations for further studies of Hepatozoon spp_ 
infections and their impacts to hosts. 
Other studies have also found very high prevalence values, such 
as Telford et aL (2004), which found 66% of prevalence in 104 
snakes in North Florida and Ujvari et aL (2004), which found 
100% prevalence using molecular techniques in 100 water pythons 
from tropical Australia_ Prevalence among snakes seems to be 
higher than among lizards, which may indicate that Hepatozoon 
spp_ infections are age-related considering that snakes, in general, 
live much longer than do lizards_ However, Hepatozoon spp. 
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prevalence varies depending on the testing methodology used 
(molecular methods vs. blood smear scanning), with different 
studies reporting different degrees of congruence between both 
techniques (Ujvari et aI., 2004; Criado-Fornelio et aI., 2007, 2009; 
Valkiunas et aI., 2008; Harris et aI., 2011). In the case of the 
molecular assessment, factors include the DNA extraction 
methodology and the type of primers and PCR protocols used, 
which can have different sensitivities (Valkiunas et aI., 2008). 
Moreover, independent of the methodology applied, the host-
related variables, e.g., age or size (see Brown et aI., 2006 and 
Salkeld and Schwarzkopf, 2005) or the time of year of sample 
collection (Salkeld and Schwarzkopf, 2005; Santos et aI., 2005; 
and Huyghe et aI., 2010) are other factors that must be considered 
when comparing prevalence levels from different species. Most of 
the samples used in this study were collected in April-May, which 
does not allow a comparison of seasonal changes; thus, further 
research should include different seasonal collections. 
Our findings show that Hepatozoon lineages are very complex, 
with great variation within and between hosts. Multiple, closely 
related haplotypes were found in species of Chalcides, Eumeces, 
Atlantolacerta, Timon, and Podarcis, constituting a completely 
new genetic Hepatozoon lineage. There is also limited host 
specificity, with similar Hepatozoon spp. isolates infecting 
different genera of lizards. These results seem to indicate that 
some Hepatozoon spp. infections are not host-specific and that the 
parasite has the ability to switch easily between different host 
species; therefore, identification of new Hepatozoon species based 
on detection of gamonts in new hosts should be done with 
caution. In fact, successful experimental transmissions in the 
laboratory have demonstrated that Hepatozoon spp. host-
specificity is low. For instance, mosquitoes that fed on snakes 
infected with Hepatozoon spp. were given to lizards that 
developed short-term parasitemia, as demonstrated by Booden 
et aI. (1970). Ujvari et aI. (2004) found that similar Hepatozoon 
nucleotide sequences (0-0.029 pairwise differences) were present 
in different host species and squamate families, and Telford et aI. 
(2008) described a cross-familial transfer of Hepatozoon spp. 
among natural populations of snakes. Nonetheless, other studies 
have demonstrated that some other species of Hepatozoon are 
narrowly host-specific; for example, Telford et aI. (2001) reported 
5 species of Hepatozoon, each from a single host species. Strong 
co-evolutionary relationships may be associated with some degree 
of host-specificity of parasites regarding the definitive hosts 
(Carreno et aI., 1997). Therefore, further studies should elucidate 
relationships among lizard hosts, and among their Hepatozoon 
spp. vectors which include ticks, mites, and mosquitoes. 
The fact that some species of Hepatozoon seem to have limited 
host-specificity has led parasitologists to hypothesize that the 
Hepatozoon spp. host spectrum is limited to the host ecology 
rather than to host phylogenetic relationships (Sloboda et aI., 
2007; Vilcins et aI., 2009). In the present study, this is not 
supported because it is not clear how parasites from different 
geographical locations are grouped together, in particular how 
some Hepatozoon isolates of geckos from North Africa are more 
related to isolates found in reptiles from the Seychelles than to 
other lizards from North Africa. Thus, the new data suggest that 
Hepatozoon isolates from the Seychelles are not monophyletic, as 
was previously proposed by Harris et aI. (2011). Moreover, given 
that only molecular data were used in this study and that for 
correct species recognition microscopic examination should also 
be used, one cannot discard the possibility of lineages C and D 
belonging to other hemogregarines, such as species of Karyolysus, 
Haemogregarina, or Hemolivia, which are also abundant in 
reptiles. However, given that these lineages fall within a clade 
consisting of known Hepatozoon isolates, there is no reason to 
assume they are not species of Hepatozoon. 
Although Hepatozoon spp. infections show limited host-
specificity and no clear relation with host ecology as previously 
hypothesized, the relationships of Hepatozoon isolates in the 
Maghreb region remains largely unresolved. The lack of parasite 
variability among species of Chalcides and Eumeces should be 
further investigated to determine if these hosts are reservoirs for 
the same Hepatozoon species. Prevalence assessed with molecular 
methods varies significantly among different lizard families, which 
may indicate that Hepatozoon spp. infection or detection could be 
connected to host-related variables such as age or size or to more 
general factors such as parasite seasonal variation; however, more 
investigation is needed here. Finally, further research should also 
include the design of primers to target faster-evolving genes; these 
would be used in parallel with the already established 18S rRNA 
studies to better resolve relationships within the already identified 
Hepatozoon lineages. 
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Host Mouse Strain Is Not Selective for a Laboratory Adapted Strain of 
Schistosoma mansoni 
Walter A. Blank, Shi Fan Liu, Jayendra Prasad, and Ronald E. Blanton, Center for Global Health and Diseases, School of Medicine, Case 
Western Reserve University, Cleveland, Ohio 44106. e-mail: walter.blank@case.edu 
ABSTRACT: We genotyped pooled adult worms of Schistosoma mansoni 
from infected CFI, C57BLl6, BALB/c, and BALB/c interferon gamma 
knockout mice in order to establish if mouse strain differences selected for 
parasite genotypes, We also compared differentiation in eggs collected 
from liver and intestines to determine if there was differential distribution 
of parasite strains in the vertebrate host that might account for any 
genotype selection. We found that mouse strains with differing immune 
responses did not differ in resistance to infection and did not select for 
parasite genotypes, Schistosoma mansoni egg allele frequencies were also 
equally distributed in tissues and the difference between adult and egg 
allele frequencies was negligible. 
Different definitive hosts show varying degrees of susceptibility to 
Schistosoma mansoni infection. Some mammals, such as foxes and rabbits, 
are absolutely resistant (Von Lichtenberg et aI., 1962; Peck et aI., 1983), 
whereas others demonstrate selection of certain S. mansoni genotypes 
(LoVerde et aI., 1985; Bremond et aI., 1993). Although rats of the species 
Rattus rattus can maintain the life cycle, Rattus norvegicus cannot 
(Alarcon de Noya et al., 1997). Primates also are variably permissive, 
with rhesus macaques (Macaca mulatta) showing a high degree of 
resistance, whereas baboons are susceptible (Sadun et aI., 1966; Fenwick, 
1969). The intermediate host range is even more finely restricted. In some 
cases schistosomes can infect a larger proportion of snails from the same 
geographic region than snails from outside of the region (Files and Cram, 
1949; Michelson and DuBois, 1978; Sulaiman and Ibrahim, 1985; 
Manning et aI., 1995; Incani et aI., 2001). 
Selection can be studied in terms of population differentiation based on 
neutral markers (Freeland et aI., 2010). Following a selective event, 
survivors represent a defined subpopulation of the original, resulting in 
genome-wide differentiation. Although genetic drift and bottlenecks will 
also reduce diversity, over a single generation in a large population 
selection is the likely explanation for a subpopulation failing to represent a 
random draw from the parent population. We used the genetic 
differentiation index, Jost's D (Jost, 2008), to measure differences between 
populations in order to investigate 2 questions. First, do mouse strains 
(and thereby the type of host immune response) strongly select for specific 
genotypes of S. mansonz'? Second, are the allele frequencies of S. mansoni 
eggs found in the liver and the intestine of infected mice representative of 
those observed in adult worms from the same mice? 
To determine whether variations in immunological response or other 
differences in mouse strain biology were selective in the short term, we 
infected 4 different mouse strains with S. mansoni and genotyped the 
resultant adult worms. The outbred strain CFl and the inbred strains 
C57BLl6 and BALB/c were obtained from Charles River Laboratories 
(Wilmington, Massachusetts). C.l29S7(B6)-Ijng'mlTs/J mice, a congenic 
BALB/c line carrying targeted knockout of the interferon gamma gene 
(IFNg-KO), were obtained from Jackson Laboratories (Bar Harbor, 
Maine). CFI mice present a combined humoral and cellular response to S. 
mansoni infection, whereas C57BLl6 mice have predominantly cellular 
responses and humoral responses predominate in BALB/c mice, respec-
tively (James and DeBlois, 1986). The IFNg-KO mutation in 
C.129S7(B6)_IjngtmITs/J mice further suppresses the reduced cellular 
responses found in the BALB/c strain, leaving them even more dependent 
on humoral responses. All mice were 5-6-wk-old females and were housed 
in groups of 5 in filter top cages. All procedures were approved by the 
Case Western Reserve University Institutional Animal Care and Use 
Committee. 
DOl: lO.1645/GE-2671.l 
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TABLE I. Worm counts and sex ratios by mouse strain. 
Total Mean worms/ Male/female 
Strain worms Mice mouse ratio 
CFl 255 IS 17.0 1.87 
C57BLl6 199 15 13.3 2.62 
BALB/c 230 IS 15.3 2.43 
IFNg KO 162 10 16.2 2.60 
Biomphalaria glabrata snails infected with S. mansoni strain PR-I were 
obtained from the Biomedical Research Institute (Rockville, Maryland). 
For collection of cercariae, snails with patent infections were transferred 
to a container of water and exposed to bright light for I hr. Cercariae were 
then concentrated on ice, counted, and used for infections; those not used 
were sedimented and stored at -20 C for later DNA extraction. 
Fifteen mice of each strain (3 replicate groups each consisting of 5 mice 
per strain) were infected with 50-70 cercariae to prime the immune 
response to the parasite. The replicate groups were infected at intervals of 
5 days with cercariae collected from the same cohort of infected snails 
(cercaria Lot A). Snail counts declined over the shedding period with 201, 
149, and 82 snails shed for the first, second, and third replicate groups, 
respectively. After 42 days, the mice were treated with praziquantel 
(Sigma, St. Louis, Missouri) at a dosage of 400 mglkg administered by 
oral gavage in a suspension of 100 mglml in 7% Tween 80 and 3% alcohol, 
followed by. a second dose 7 days later. One week after the second 
praziquantel treatment, the mice were reinfected by s.c. injection with 250 
cercariae from a second lot of PRI infected snails (cercaria Lot B). For 
reinfection, 164, 141, and 98 snails were shed for the 3 replicate groups. 
The third replicate group of IFNg-KO mice was lost prior to completion 
of the experiment when the cage was accidentally flooded, leaving only 2 
replicate groups for this strain. 
Seven weeks after the second infection, blood samples were collected via 
tail bleeds from each mouse for serological testing, and the following day 
adult worms were collected via portal vein perfusion and mesenteric 
dissection. Worms were sexed and counted, and statistical analysis was 
done with R version 2.7.2 (R Development Core Team, 2008). Average 
worm counts per mouse (Table I) did not significantly differ between 
strains (Welch 2-sample t-test; P 2: 0.5 for all comparisons). As has been 
reported previously (Mitchell et aI., 1990; Morand et aI., 1993), the 
observed sex ratio of worms was biased toward males. The lower male 
worm sex ratio observed in the CFI strain was not significant (Pearson's 
chi-square test P > 0.1 for CFI vs. all other strains). Sera from the 5 mice 
in each strain replicate group were pooled, and IgG reactivity against 
0.1 ILg and 1 ILg of soluble worm antigen extract was evaluated by ELISA 
(King et aI., 1996). Although lower absorbance values were observed for 
sera from the IFNg-KO mice, an endpoint titer of 1:125,000 was observed 
for all strains (Fig. I), indicating little quantitative difference in humoral 
immune response between strains. 
DNA was extracted from samples with the use of the DNeasy Blood & 
Tissue kit (Qiagen, Valencia, California). Prior to extraction, worms from 
the 5 mice in each replicate group were pooled. PCR and genotyping at 14 
microsatellite loci (described in Blank et aI., 2010) and data analysis of 
allele frequencies from each pool to calculate the genetic differentiation 
index D was performed as described previously (Blank et aI., 2010). 
Results were considered significant if the 95% confidence interval did not 
include O. We compared the degree of differentiation among replicate 
groups within the same mouse strain as well as between different strains 
and parasite lots. Allele frequencies for the Case Western Reserve 
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FIGURE I. ELISA of sera from Schistosoma manson i-infected mouse strains with indicated amounts of soluble worm antigen extract. The 3 replicate 
groups were assayed on separate plates, and results were normalized against I: I ,000 dilution of CFI serum, 1 fig antigen well; average results from the 
replicates are shown. 
University (CWRU) strain of S. mansoniwere included in the analysis and 
demonstrated a high degree of differentiation consistent with that seen 
earlier between the CWRU and PR-l strains (Blank et aI., 2010). 
Significant genetic differentiation was not observed between worms 
collected from replicates within a given mouse strain, nor when all worms 
from a given mouse strain were compared against those from other strains 
or against cercariae from Lot B, the source for the final parasite infection 
(Table II). A small, yet significant, degree of differentiation was observed 
between cercaria Lot A and the worms from all strains as well as cercaria 
Lot B, and allelic diversity was also slightly lower in Lot A compared to 
the other samples (data not shown), suggesting that some degree of 
bottlenecking may have occurred within the first group of snails. However, 
the absence of differentiation between the adult parasites and the cercariae 
population from which they originated suggests that selection is not 
occurring in these mouse strains. 
We further investigated whether there is differentiation between 
schistosome eggs and worms in an individual, and whether the eggs that 
remain trapped in the liver differ genetically from those that pass through 
to the intestine and are eventually excreted. A differential distribution of 
eggs between the liver and the intestine would effectively lead to selection 
and misrepresentation of the adult population if only stool eggs were 
collected. Parasites whose eggs are preferentially retained in the liver are 
likely to be less competitive and over time would be eliminated from the 
population. 
Five CFI mice were infected with 100 cercariae and 5 more with 200 
cercariae, in case worm density influenced the distribution of eggs. Adult 
worms were perfused from the portal vein 49-54 days postinfection, and 
eggs were isolated from livers and small intestines by selective filtration 
after homogenization of the tissues (Dresden and Payne, 1981). A 
hemocytometer was used to estimate egg counts from 5 mice (Table III). 
Allele frequencies of worms and eggs from each mouse were determined as 
above. In each mouse, genetic differentiation between worms and eggs was 
practically nil in all comparisons (Table III), indicating that there is no 
differential genotypic localization and that the allele frequencies in 
TABLE II. Pairwise differentiation between populations of worms isolated from mouse strains cercariae lots (PR-I strain of Schistosoma manson i) and a 
sample from the Case Western Reserve University (CWRU) strain of S. mansoni. Average differentiation among replicates within groups is reported in 
boldface along the diagonal; between-group differentiation values are reported below the diagonal. 
lost's D 
CFl C57/BL6 BALB/c IFNg-KO Cercaria Lot A Cercaria Lot B 
CFI 0.005 
C57/BL6 0 0 
BALB/c 0 0.001 0 
IFNg-KO 0 0 0 0 
Cercaria Lot A 0.051 * 0.043* 0.051 * 0.043* 0.008* 
Cercaria Lot B 0.001 0.002 0.001 0.001 0.062* 0.003* 
CWRU 0.478* 0.483* 0.483* 0.478* 0.526* 0.475* 
* Ninety-five percent confidence interval does not include O. 
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TABLE III. Counts of and genetic differentiation between Schistosoma mansoni worms and eggs (per mouse) isolated from 10 CFI mice. 
2 3 4 
Counts 
Infection dose 
(cercariae) 200 200 100 100 
Worms 76 62 36 20 
Intestine eggs n/c* nlc nlc nlc 
Liver eggs nlc nlc nlc nlc 
Jost's D 
W versus I 0.002 0.004 0.005 0.003 
W versus L 0.002 0.003 0.005 0.002 
I versus L 0.000 0.000 0.000 0.000 
* Abbreviations: nle, not counted; W, worms; I, intestine eggs; L. liver eggs. 
schistosome eggs are representative of the infecting worm population. This 
further validates the approach of using fecal egg samples to monitor the 
allele frequencies of worm populations in human hosts, which would 
otherwise be inaccessible (Blank et aI., 2009). 
Previous studies have shown selection for particular S. mansoni 
alloenzyme alleles when S. mansoni populations from baboons (LoVerde 
et aI., 1985) and rats (Bremond et aI., 1993) were maintained in laboratory 
mice. Because at least 1 of the allozymes selected against appears to be 
antigenic and provoke an immune response in mice (Bremond et aI., 1993), 
these studies demonstrated how selection occurs in a parasite population 
when the definitive host is changed. Laboratory mice and rabbits were 
reported to select for different microsatellite alleles when a field 
population of Schistosoma japonicum was transferred into the 2 species 
(Shrivastava et aI., 2005) based on the number of private alleles found in 
the mouse- and rabbit-derived subpopulations, although repeated 
selection for those same alleles was not demonstrated. 
Within the laboratory hosts we examined, selective pressure was not 
identified at any level. Several factors need to be taken into consideration 
when interpreting this result. The current study was designed to detect 
strong selection that would be apparent within a single generation, so it is 
possible that over multiple generations a more subtle degree of selection 
would become apparent. We have shown earlier (Blank et aI., 2010) that 
use of the methods employed in this study make it possible to identify 
changes in the allele frequencies of schistosome laboratory populations in 
response to the other typical forces that change population structure, such 
as migration and drift. 
Although the study was designed to capture strong selection based on 
immune responses, some aspects of resistance and perhaps selection are 
due to anatomic or biochemical differences. One proposed mechanism for 
resistance to S. mansoni infection is the shunting of schistosomula from 
the liver back into the systemic venous system, which appears to result 
from egg-induced pathology or mouse strain specific structure of hepatic-
portal vasculature (reviewed in Wilson, 2009) rather than a specific 
immunological response to infection. Perhaps other mouse strains would 
demonstrate genotypic differences in parasite survival on this basis. 
Because the PR-I strain of S. mansoni has been maintained as a laboratory 
population since the 1950s (Lewis et aI., 1986), it is possible that the 
phenotypic diversity upon which immunological selective sweeps could act 
has been lost because of bottlenecking, random genetic drift, or selection 
early in the establishment of the line. This would limit the range of 
diversity open to selection in this study, although the laboratory strain is 
far from clonal. The comparative tools of population genetics and a 
thorough sampling of schistosome populations can prove very useful 
methodological approaches to questions of structure and selection. 
We wish to thank Dr. Christopher King, CWRU, Cleveland, Ohio, who 
provided advice on selection of mouse strains, and Dr. Lain Carvalho, 
Oswaldo Cruz Foundation, Salvador, Brazil for his useful discussions on 
parasite strain diversity. This work was supported by National Institutes 
of Health Grant ROI AI069195. 
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ABSTRACT: Serum samples from 315 horses from Costa Rica, Central 
America, were examined for the presence of antibodies against Sarcocystis 
neurona, Neospora spp" and Toxoplasma gondii by using the surface 
antigen (SAG) SnSAG2 enzyme-linked immunosorbent assay (ELISA), 
the NhSAGl ELISA, and the modified agglutination test, respectively, 
Anti-S neurona antibodies were found in 42,2% of the horses by using the 
SnSAG2 ELISA, Anti-Neospora spp, antibodies were found in only 3.5% 
of the horses by using the NhSAG I ELISA, and only 1 of these horses was 
confirmed seropositive by Western blot. Antibodies to T gondii were 
found in 34,0% of the horses tested, which is higher than in previous 
reports from North and South America. The finding of anti-S neurona 
antibodies in horses from geographical areas where Didelphis marsupialis 
has wide distribution suggests that D, marsupialis is a potential definitive 
host for this parasite and a source of infection for these horses, 
Sarcocystis neurona is an apicomplexan recognized as the primary cause 
of equine protozoan myeloencephalitis (EPM), Neospora hughesi and 
Toxoplasma gondii are closely related to S neurona and are also known to 
infect equids. Neospora hughesi is an infrequent etiologic agent of EPM, 
but there is no evidence of T gondii causing neurologic disease in horses, 
Sarcocystis neurona has been isolated from the spinal cord of a clinical 
case of EPM from Panama (Granstrom et aI., 1992), but most 
seroprevalence studies for these parasites have been performed in horses 
from only the North or South American countries, Overall, high 
prevalences of anti-S new'ona antibodies in the horse populations in 
United States (30-50%), Brazil (35-69.6%), and Argentina (35,5%) have 
been demonstrated previously (MacKay, 1997; Dubey, Venturini et aI., 
1999; Hoane et aI., 2006), Lower seroprevalences of 3.5% in the United 
States and 2.5% in Brazil have been observed for Neospora spp. when 
using an enzyme-linked immunosorbent assay (ELISA) based on a 
recombinant surface antigen (SAG), NhSAGI (Hoane, Yeargan et aI., 
2005; Hoane et aI., 2006), A very low seroprevalence for T gondii was 
reported in the United States (Dubey, Thulliez et aI., 1999; Dubey et aI., 
2003), but data from South American countries show that antibodies to T 
gondii are somewhat common (Brazil, 15,8% and Argentina, 13,1 %) 
(Dubey, Kerber, and Granstrom, 1999; Dubey, Venturini et aI., 1999), 
Sporocysts or oocysts of these protozoans are shed by their respective 
definitive hosts, i.e" opossums for S new'ona and felids for T gondii. The 
definitive host for N. hughesi has not been demonstrated but may be 
canids, Three species of opossums, Didelphis virginiana, Didelphis 
marsupialis, and Didelphis albiventris, are present in the Americas, 
Didelphis virginiana is a well-known definitive host for S neurona in the 
United States (Fenger et aI., 1995), whereas the South American opossum 
D, albiventris also has been shown to be a competent definitive host for S 
neurona (Dubey, Lindsay, Kerber et aI., 2001), The capability of D. 
marsupialis to serve as a definitive host for S neurona has not been 
demonstrated, 
The present study reports the seroprevalence of S neurona, N. hughesi, 
and T gondii in horses from Costa Rica. The results of the study imply 
that horses in this Central American country are commonly exposed to S 
neurona and T gondii, whereas infection with Neospora spp, is uncommon, 
The results further suggest that D, marsupialis might be a definitive host 
capable of disseminating S neurona sporocysts because D. virginiana only 
occurs in the northern part of the country (Fig, I). 
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Sera were collected from 315 horses in total (195 females, 153 males) 
from 7 provinces of Costa Rica: Alajuela (n = 132), Cartago (n = 12), 
Guanacaste (n = 6), Heredia (n = 82), Limon (n = 8), Puntarenas (n = 6), 
and San Jose (n = 69). Among the 315 horses, 161 were in the age group of 
1-6 yr, 132 of them were >6-yr-old, and 22 were < 1 yr old, Most of these 
horses were housed indoors, History relating to opossum activity in these 
geographical areas also was collected. 
The recombinant SnSAG2 and NhSAGl ELISAs were performed as 
described previously (Hoane, Morrow et aI., 2005; Hoane, Yeargan et aI., 
2005). All horse serum samples were tested at a 1 :500 dilution, Positive 
and negative control serum samples were from confirmed EPM horses and 
a seronegative foal, respectively, as described by Hoane, Morrow et al. 
(2005) and Hoane, Yeargan et al. (2005), All test samples and standards 
(positive and negative sera) were run in duplicate, To account for inter-
plate variation, the optical densitY450 of each test sample was expressed as 
a percent positivity (PP) value, as described previously (Wright et aI., 
1993), 
Western blot analysis using N. hughesi tachyzoite antigen was 
performed on serum samples that tested positive on rNhSAG2 ELISA. 
Neospora hughesi tachyzoite proteins were solubilized in sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis sample buffer (without 2-
mercaptoethanol) containing a protease inhibitor cocktail (Sigma-Aldrich, 
St. Louis, Missouri), and antigen from I X 106 parasites was resolved in 
12% polyacrylamide gels, For Western blot, proteins were transferred to a 
0.45-!lm nitrocellulose membrane by using a semi-dry transfer cell (Bio-
Rad Laboratories, Hercules, California) and probed with 1:500 diluted 
sera. Samples were considered seropositive for Neospora spp, when both 
the 29-kDa (NhSAG 1) and 35-kDa (NhSRS2) SAGs of the parasite were 
recognized (Marsh et aI., 1999). 
To examine for antibodies to T gondii, 2-fold dilutions of the sera were 
prepared in phosphate-buffered saline and tested in the modified 
agglutination test that uses the formalin-preserved and 2-mercaptoetha-
nol-treated whole tachyzoites of T gondii as antigen (Dubey and 
Desmonts, 1987). Horses with titers of 2: 1 :25 were considered seropositive 
for T gondii infection. 
At a liberal PP cut-off value of 10%, 42.2% (133 of 315) of the horses 
were found to have antibodies to the SnSAG2 antigen of S neurona, 
whereas 21.9% (69 of 315) were considered seropositive by using a more 
conservative PP cut-off of 20% (Table I), In contrast, a much lower N. 
hughesi seroprevalence of only 3,5% (11 of 315) was observed in this 
sample set by using a PP cut-off value of 20% with the rNhSAG 1 ELISA, 
Because occasional false positive results are known to occur with the 
rNhSAG I ELISA, Western blot analysis of the ELISA-positive samples 
was conducted to prevent overestimation of N. hughesi seroprevalence, 
This analysis of the II ELISA-positive samples, along with an additional 2 
samples exhibiting borderline PP values of 19.9 and 17,9%, revealed that 
only the sample with a PP = 19.9% reacted with both the NhSAGI and 
NhSRS2 SAGs, Five of the II ELISA-positive samples and the additional 
sample with PP = 17.9 reacted with only the NhSAGI antigen and were 
therefore considered as probable positives, Antibodies to T gondii were 
found in 34.0% (107 of 315) of the horses tested on modified agglutination 
test (MAT; Table I). However, low titers of 1 :25 were observed in most 
horses that tested positive (57 horses); only 4 horses showed titers 
> 1 :3,200, Antibody titers of I :50 and 1: 100 were observed in 23 and 21 
horses, respectively, whereas titers of 1:200 and 1:1,600 were found in 1 
horse each. Two horses that had reciprocal titers >3,200 on T gondii 
MAT were also positive for S neurona antibodies, 
s 
• Samples negative for Sarcocystis 
neurons 
• Samples positive for S. neurons 
Protected 8r88S where Didelphis 
virplnlana and D. marsupia/is 
have been reported 
• Protected areas where 
D. marwplaJls has been reported 
Scale 12tn557 
RESEARCH NOTES 523 
Source: INBio. Geotecnologlas SA 8I1<IaUas of Costa Rlea ITeR (2000). 
FIGURE 1. Map of Costa Rica showing geographical distribution of Didelphis virginiana and Didelphis marsupialis and locations of sampled horses. 
Results from ELISAs based on rSnSAG2, rNhSAGl antigens, and 
MAT used in this study indicated that an appreciable number of the 315 
horses from Costa Rica had been exposed to S. neurona or T. gondii, 
whereas only a single horse had definitive evidence of exposure to 
Neospora spp. (Table I). A high percentage of horses (42.2%) had anti-So 
neurona antibodies by using a liberal PP cut-off value of 10%, whereas a 
lower proportion was considered positive (21.9%) if a conservative PP cut-
off value of 20% was used. Although the initial validation of the rSnSAG2 
ELISA defined a PP cut-off of 20% ( Hoane, Morrow et aI. , 2005), results 
from more recent assays have indicated that a low PP cut-off of 10% 
provides optimal accuracy with the rSnSAG2 ELISA (Yeargan and Howe, 
2011). Therefore, the S. neurona seroprevalence data have been presented 
based on 2 different PP cut-off values, but we believe that the higher 
seroprevalence (42.2%) based on the 10% cut-off is more accurate. It is 
important to note that EPM does not develop in all horses exposed to S. 
neurona and that the number of horses showing seroconversion is much 
greater than actual number of EPM cases (Dubey, Lindsay, Saville et aI., 
2001). However, it is also important to note that detection of anti-So 
neurona antibodies in a large proportion of horses suggests a high 
environmental contamination with S. neurona sporocysts. Didelphis 
virginiana and D. marsupialis are 2 opossum species native to Costa Rica, 
each having a different geographic distribution. Didelphis virginiana is a 
definitive host for S. neurona (Fenger et aI., 1995), but its geographic range 
is believed to be restricted to northern Costa Rica (Gardner, 1973). Our 
finding of horses seropositive to S. neurona from regions inhabited by D. 
marsupia lis alone (Fig. I) suggests that this opossum species is a potential 
definitive host for S. neurona. 
Similar to previous reports (Hoane ,Yeargan et aI., 2005; Hoane et aI., 
2006), antibodies to Neospora spp. were detected in only in a small 
proportion of the horses, as determined by rNhSAGI ELISA. Further-
more, of the II samples that tested positive by ELISA, 5 were suspect 
positives, and only a single sample was confirmed to be seropositive by 
Western blot assay against N hughesi whole-tachyzoite antigen. These 
results imply that there is low risk of Neospora spp. infection of horses in 
Central America. 
There are no previous reports on seroprevalence of T. gondii in horses from 
Central America. Relatively low T. gondii seroprevalence has been observed in 
horses from countries in both North and South America, and there is no 
evidence of T. gondii-associated neurologic disease in horses. Seropositivity to 
T. gondii of :56.9% in the United States (Dubey, Romand et aI., 1999; Dubey 
et aI., 2003),13.1% in Argentina (Dubey, Venturini et aI., 1999), and 15.8% in 
Brazil (Dubey, Kerber, and Granstrom, 1999) have been reported previously. 
In the current study, 34.0% seropositivity to T. gondii was observed, 
suggesting that horses are at greater risk of T. gondii infection in Central 
America than in North or South America. In all of the studies cited here, 
including the current study, the MAT was used to detect anti-T. gondii 
antibodies, and sera were tested by 1 operator. A high T. gondii seroprevalence 
in Costa Rica suggests that future studies to test animal populations from 
other Central American countries will be useful to determine potentially high 
environmental contamination with T. gondii in Central America. 
TABLE 1. Seroprevalence of Sarcocystis neurona, Neospora spp., and Toxoplasma gondii in horses in Costa Rica. 
No. of samples positive 
T. gondii S. neurona N hughesi 
Province of Costa Rica No. of samples tested Titers 2:25 10% PP 20% PP 20% PP 
Alajuela 132 32 53 28 5 
Cartago 12 7 7 5 
Guanacaste 6 I None None None 
Heredia 82 28 36 20 2 
Limon 8 4 4 None I 
Puntarenas 6 5 2 2 None 
San Jose 69 30 31 14 2 
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ABSTRACT: Inoculation of northern bobwhite quail (Colinus virginianus) 
with low doses of Eimeria lettyae oocysts stimulates a protective immune 
response, suggesting immunization may be an option for controlling 
coccidiosis. However, the oocyst production of inoculated birds could be 
considerable, leading to subsequent outbreaks. To determine the oocyst 
production following inoculation with E. lettyae, we orally infected 12-wk-
old bobwhites with 100, 1,000, or 10,000 sporulated oocysts. Fecal 
materials were collected on days 5-9 post-inoculation, and total oocyst 
production was counted in McMaster chambers. Oocyst productionlbird 
was 49.75, 89.5, and 436 X 106 for 100, 1,000, or 10,000 oocysts 
administered, respectively. Estimated oocysts produced!oocyst adminis-
tered was 49.75, 8.95, and 4.36 X 104 for 100, 1,000, or 10,000 oocysts 
administered, respectively. These fmdings not only illustrate the crowding 
effect of larger oocyst inocula but also illustrate the fecundity of E. lettyae 
at low doses. This suggests that successful immunization of bobwhites 
against coccidiosis with live vaccines might require attenuated strains with 
reduced reproductive potential. 
Captive propagation and rearing of game birds for subsequent released 
for hunting are common in North America and Europe. Some farms in the 
United States raise > 1 million northern bobwhite quail (Colinus 
virginianus) per year (North American Gamebird Association, pers. 
comm.). Coccidiosis is common in quail propagated in captivity (Ruff, 
1986). Given the bird density and high fecundity of Eimeria spp., mortality 
events can often be dramatic, producing up to 50% morbidity and 
mortality in a flock. Northern bobwhites are hosts to 3 described Eimeria 
spp.: Eimeria colini, Eimeria dispersa, and Eimeria lettyae (Tyzzer, 1929; 
Fisher and Kelley, 1977; Duszynski and Guthierrez, 1981; Ruff, 1985). 
There are 2 reports of other unnamed Eimeria spp. (Waggoner, 1967; 
Prostowo and Edgar, 1970). Among these species, E. lettyae is the most 
pathogenic and is the most often associated with mortality and morbidity 
(Ruff, 1986; Ruff and Wilkins, 1987; Yabsley, 2008). 
Crowding as a factor in reproductive potential of Eimeria species is well 
known in chickens (Brackett and Bliznick, 1952; Williams, 2001). 
Crowding occurs when the number of merozoites produced in the asexual 
cycles exceeds the available intestinal epithelial cells for parasitism (Tyzzer 
et aI., 1932). The excess numbers of merozoites are excreted in the feces. 
Crowding generally increases as the number of oocysts administered is 
increased (Williams, 1973). The host immune response probably also 
contributes to crowding (Brackett and Bliznick, 1952). 
We have demonstrated previously that inoculation of bobwhites with 
100 oocysts of E. lettyae stimulates protective immunity without causing 
clinical signs of coccidiosis, suggesting the practical use of live vaccination 
as is practiced in other poultry (Gerhold et aI., 2010). However, the 
reproductive potential of E. lettyae and effects of crowding have not been 
determined. The purpose of the present study was to determine the oocyst 
production of E. lettyae given 3 levels of inoculation and to further 
understand the biology of E. lettyae. 
Northern bobwhite eggs were purchased from a commercial quail 
producer (Wadley Quail Hatchery, Wadley, Georgia) and hatched at the 
University of Georgia's Poultry Research Center. For propagation of 
parasites for use in these studies, newly hatched birds were placed into 
brooding chambers in a parasite-free room. Strict biosecurity protocols 
were followed to ensure no parasite contamination. Birds to be infected 
were removed from the brooding room and placed in sterilized infection 
chambers in a separate room. All birds were given non-medicated quail 
starter feed and water ad libitum. 
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Pure cultures of E. lettyae were acquired and identified as described 
previously (Gerhold et aI., 2011). In brief, individual sporulated oocysts 
were isolated by serial dilutions and oral inoculation of young bobwhites. 
Birds were kept in isolation for 7 days post-infection (PI) and then killed. 
The intestines were removed and aerated in a solution of 2% potassium 
dichromate for sporulation. During repeated propagation of the pure 
culture, and prepatent and sporulation periods, gross pathology in the 
host and general oocyst morphology were determined to aid in 
identification. An aliquot of oocysts was used for DNA amplification of 
the internal transcribed spacer-I region of the ribosomal RNA by 
polymerase chain reaction. The resultant amplicon was sequenced and 
examined for nucleotide polymorphisms to confirm that the sample was a 
pure culture. A culture identified as E. lettyae was used for further work. 
A broiler finishing battery (Petersime Inc., Gettysburg, Ohio) consisting 
of 15 cages arranged in 5 tiers of 3 cages each, with stainless steel feeding 
and watering troughs, was cleaned and steam-sterilized. The cages were 
modified with 12.7-mm wire mesh on the floor and sides to keep quail 
from escaping. Twenty-eight, 12-wk-old bobwhites were randomly 
assigned to 4 pens. One pen was kept uninfected as a control, and others 
were inoculated with 100, 1,000, or 10,000 oocysts, respectively. Oocysts 
were administered to birds in 1 rn1 of water. Birds were given non-
medicated quail starter feed and water ad libitum. Fecal materials were 
collected by cage on days 5-9 PI for oocyst counts. Feces were blended in 
known volumes of water. Oocysts were counted in aliquots of the blended 
fecal material using a McMaster chamber (JA Whitlock & Co., Eastwood 
NSW 2122, Australia) for calculation of total oocystslbird for the 5-9 day 
period and for oocysts/individual inoculated oocyst. 
The mean length and width of the measured oocysts and the prepatent 
and sporulation periods were consistent with previous reports of E. lettyae 
(Ruff, 1985; Gerhold et aI., 2011). The resultant sequence did not contain 
any nucleotide polymorphisms and indicated that only 1 Eimeria sp. was 
amplified by the Eimeria genus-specific primers (Gerhold et aI., 2011). 
Oocyst production per bird for days 5-9 PI totaled 49.7, 89.5, and 436 
X 106 for birds given 100, 1,000, or 10,000 oocysts, respectively (Table I). 
Oocyst production/oocyst inoculated averaged 49.75,8.95, and 4.36 X 104 
oocysts for the 100, 1,000, or 10,000 oocyst groups, respectively. No 
oocysts were observed in the feces of uninfected birds. 
Our results suggest that crowding occurred with doses > 100 E. lettyae 
oocysts, resulting in a reduction in reproductive index (oocysts produced! 
oocysts administered). It is possible that doses < 100 oocysts can lead to 
crowding as well. Crowding was seen in Eimeria acervulina in chickens with 
greater than 1,000 oocysts, whereas <100 oocysts caused crowding in 
Eimeria tenella (Williams, 2001). The reason for the differences in crowding 
thresholds for the 2 species is because the site of infection for E. acervulina is 
larger than that of E. tenella (Tyzzer, 1929), and E. tenella forms cecal cores 
that contain oocysts, thus decreasing the number of oocysts excreted 
(Williams, 2001). Eimeria lettyae infects the duodenum, jejunum, ileum, and 
cecae, and there are 5 separate merogony cycles (Ruff, 1985). The greater 
number of merogony cycles in E. lettyae compared with E. acervulina 
probably explains why the former has a lower crowding threshold. 
The actual production of oocysts increased with higher doses of 
inoculum, although not proportionately. In the formulation of a live 
vaccine for coccidiosis, it is important to choose a level of inoculation that 
ensures the establishment of an infection without causing clinical effects. 
Equally, it is important for the vaccine strain to be propagated sufficiently 
to cause reinfection and reinforcement of the developing immunity. This 
was clearly accomplished with the 100 oocyst dose. However, it is also 
important to consider that the large number of oocysts produced by 
vaccinated birds might unduly expose the flock to a heavy challenge 
during the second and third cycles of infection. Additional studies are 
needed to determine whether bobwhites on litter floors could develop 
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TABLE I. Oocyst production of Eimeria lettyae in 12-wk-old northern bobwhite quail on days 5-9 PI. 
Total oocyst Daily oocysts Daily oocyst production! Total oocyst productionl 
Inoculation doselbird production (X 106) production (X 106) inoculated oocyst (X 104) inoculated oocyst (X 104) 
100 49.7 9.95 99.5 497.5 
1,000 89.5 17.9 
10,000 436.0 87.5 
practical protection rapidly enough to ward off the successive challenges. 
Although the bulk of oocysts production would be found at 5-9 days PI, 
the production is known to continue for much longer. Ruff (1985) found 
that E. lettyae oocyst production could last up to 67 days PI, with multiple 
recurring peaks, suggesting that the birds did not become completely 
immune to reinfection. Ruff (1985) performed infections with graded 
doses of E. lettyae in 2.5-wk-old birds and found that birds inoculated 
with the 100 and 1,000 doses produced 5.9 X 107 and 1.74 X 108 oocysts 
during a 7-day-period, respectively, which was much higher production 
compared with our results. Birds used in the Ruff (1985) experiments were 
2.5-wk-old birds, compared with 12 wk in the present study. Older birds 
have larger intestinal tracts with greater number of epithelial cells, 
resulting in less crowding compared with younger birds, so there is no 
clear explanation for the difference in our results. 
If a live vaccine is to be used in bobwhites for control of coccidiosis, it 
would seem that more attention should be given to the strain of E. lettyae. 
In chickens, coccidia have been attenuated by selection for shortened life 
cycle (Jeffers, 1975). Such modified strains have been used successfully in 
live vaccines (Williams et aI., 1999). Precocious strains lack 1, or more, 
schizogony cycles and thus produce fewer oocysts to contaminate the litter 
(McDougald and Jeffers, 1976). Given the natural reproductive capacity 
of E. lettyae, it may be necessary to vaccinate with attenuated strains to 
avoid overwhelming exposure and clinical signs of disease in bobwhite 
quail flocks. Furthermore, precocious vaccine strains in poultry are less 
associated with secondary bacterial diseases, i.e., clostridial enteritis. 
Ulcerative enteritis, caused by Clostridium colinum, has been reported as a 
major disease in captive quail (Raid, 2004). In similar diseases of chickens, 
exposure to coccidia triggers mucogenic response of epithelial cells which 
provides a growth advantage for Clostridium perfringens (Collier et aI., 
2008). Precocious strains seem less likely to interact in this way because of 
reduced tissue damage during vaccination and reinfection. 
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ABSTRACT: Water buffaloes (Bubalus bubalis) are intermediate hosts for 4 
species of Sarcocystis, i,e., Sarcocystis fusiformis and Sarcocystis buffalonis 
with cats as definitive hosts; Sarcocystis levinei with dogs as definitive 
hosts; and Sarcocystis dubeyi with an unknown definitive host but thought 
to be zoonotic. Currently, the latter species has been identified with 
certainty only from Vietnam. In the present study, sarcocysts of S. dubeyi 
are reported in 11 (30%) of 35 Egyptian water buffaloes from which the 
esophageal muscles were examined histologically. Sarcocysts were 
microscopic, measuring 180-250 X 70-11 0 ~m in size. Ultrastructurally, 
the sarcocyst wall was 3.5- 6.5 ~m thick and had palisade-like villar 
protrusions which give it a striated appearance. The villar protrusions 
contained microtubules that were distributed along the whole villus. This 
is the first report of S. dubeyi from water buffaloes in Egypt. 
Sarcocystis species are among the most common parasites of domestic 
ruminants (Dubey, Speer, and Fayer, 1989). Some Sarcocystis species, 
especially those forming microscopic cysts, induce economic losses and 
clinical disease while other macroscopic Sarcocystis species are mildly 
pathogenic and cause downgrading or total condemnation of the carcass 
(Dubey, Speer et aI., 1989). Water buffaloes are intermediate hosts for 4 
species of Sarcocystis, i.e., Sarcocystis fusiformis Raillet, 1897, Sarcocystis 
levinei Dissanaike and Kan, 1978, Sarcocystis buffalonis Huong, Dubey, 
Nikkalii and Uggla, 1999, and Sarcocystis dubeyi Huong and Uggla, 1999. 
Cats are definitive hosts for S. fusiformis and S. buffalonis and dogs are 
definitive hosts for S. levinei. The definitive host for S. dubeyi is unknown, 
but primates are suspected as its definitive host (Huong and Uggla, 1999). 
Sarcocysts of S. fusiformis and S. buffalonis are macroscopic while those of 
S. levinei and S. dubeyi are microscopic. Herein, we report S. dubeyi 
infection in water buffaloes from Egypt. 
Esophagi of 35 water buffa loes (>5-yr-old), slaughtered at the main 
slaughterhouse of El-mahalla city, EI-gharbia Governorate, Egypt were 
obtained in January to April 2009. Pieces (l cm2) of the esophageal muscle 
were fixed in neutral-buffered 10% formalin for histological examination 
and small pieces were fixed in 2.5% glutaraldehyde for transmission 
electron microscope examination (TEM). The formalin-fixed tissues were 
processed by standard histological techniques, sectioned at 5 ~m, stained 
by hematoxylin and eosin, and examined by light microscopy. When the S. 
dubeyi-like (microscopic thick-walled cysts) were identified in paraffin-
embedded tissue sections, the corresponding glutaraldehyde-fixed portion 
was processed for TEM. 
Sarcocystis dubeyi-like sarcocysts were located in I-~m-thick resin 
sections stained with aqueous toluidine blue. Ultra-thin sections were 
obtained from the sarcocysts at a thickness of 60-80 A by means of 
diamond knife, collected on copper grids, stained with uranyl acetate and 
then lead citrate, and examined by TEM. 
Microscopic examination of paraffin-embedded sections revealed S. 
dubeyi sarcocysts were found in esophageal muscles from 11 of 35 
Egyptian water buffaloes. Sarcocysts were 180- 250 ~m long X 70- 110 ~m 
wide. The cyst wall was 3.5- 6.5 ~m thick (n = 11) and had palisade-like 
villar protrusions showing striated appearance. 
Ultrastructurally, the sarcocyst wall was 5- 7.5 ~m thick (Fig. 1). The 
interior of the sarcocyst was bounded by an electron-dense layer identified 
as the primary sarcocyst wall; it consists of a parasitophorus vacuolar 
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FIGURE 1. Transmission electron micrographs of S. dubeyi. Note the 
parasitophorus vacuolar membrane (Pvm), villar protrusions (Vp), ground 
substance layer (Gs), microtubules (Mt), metrocytes (Me), and 
bradyzoites (B). 
membrane (Pvm) and an electron-dense layer immediately beneath the 
PVM. A granular layer (ground substance, Gs) , measuring 0.3-0.5 ~m, 
was located beneath the primary cyst wall. The Pvm formed numerous 
tightly packed, nearly cylindrical villar protrusions (Vp) which were 
arranged in a palisade-like structure bending laterally at an angel of 45° to 
the cyst wall. The length of the Vp ranged from 4--7.5 ~m (n = 20). The 
diameter of its base measured 0.7-1 ~m; the middle portion was dilated (1 -
l.5 /lm) and a narrow distal portion (0.3- 0.5 ~m) possessed a blunt end. 
The Vp contained microtubules (Mt) that were distributed along the entire 
villus but were mainly condensed at the distal two-thirds. A few electron-
dense granules were scattered inside the core of the villus. There were 
spaces between the villar protrusions that ranged from 150- 180 nm in 
diameter. The interior of the sarcocyst was divided into compartments by 
septa arising from the granular substance of the cyst wall. 
All the sarcocysts examined were mature and contained numerous 
bradyzoites and a few peripheral metrocytes (Fig. 1). The bradyzoites 
were 8.5- 10 X 2.5 /lm (n = 15) in size. The bradyzoites contained 
organelles, typically found in Sarcocystis species, including the 500 X 
300 nm conoid, numerous (200-250 in a given plane of section) 
micronemes in the anterior third, 8- 12 rhoptries, a 200-nm-diameter 
micro pore, and a mitochondrion. The nucleus was situated at the 
beginning of the posterior third of the bradyzoite; it was relatively large 
(2- 2.4 X 3 ~m) and surrounded by a typical nuclear envelope. Golgi 
apparatus was observed anterior to the nucleus. Some amylopectin 
granules were present in the cytoplasm posterior to the nucleus and in the 
anterior third of the cytoplasm. 
The 4 species of Sarcocystis in water buffaloes can be distinguished by 
ultrastructural characteristics of their sarcocyst walls. Sarcocystis levinei 
sarcocysts are thin walled «1 /lm thick) and the villar protrusions are 
filamentous and folded over the sarcocyst wall. The S. fusi/ormis sarcocysts 
are thick walled and have characteristic cauliflower-like villar protrusions. 
The S. buffalonis sarcocyst walls are thick walled, but the villar protrusions 
528 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.3, JUNE 2011 
are conical with a constricted base. The S. dubeyi sarcocyst walls are 3.5-
6.5 IllTI thick and have palisade-like villar protrusions. 
Sarcocystis dubeyi-like sarcocysts were first recognized in water 
buffaloes in India but not named (Dubey, Speer et aI., 1989). Parairo et 
al. (1988) found similar sarcocysts in buffaloes from the Philippines but 
confused them with S. levinei. In the present study, the ultrastructure of 
the cyst wall was distinct from the previously described cyst wall and was 
identical to that of S. dubeyi reported by Huong and Uggla (1999). This is 
the first report of S. dubeyi in Egypt. 
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ABSTRACT: Toxoplasmosis is an important parasitic disease worldwide 
and is related to certain psychiatric disorders and sterility. In the present 
study, serum samples from 882 female sterility patients and 107 pregnant-
puerperant women were assayed for anti-T. gondii IgG antibodies using 
ELISA. The overall T. gondii seroprevalence was 14.8%. In the female 
sterility patients, 15.9% (140/882) were seropositive and, in the pregnant-
puerperant women, 5.6% (61107) were positive for anti-T. gondii IgG 
antibodies. There was a significant difference between the 2 groups (P < 
0.05). The samples were further divided into 5 groups based on age, but no 
significant difference was found among the 5 groups (P > 0.05). Results of 
the present study argue for more attention to prevention of T. gondii 
infection in the female population and, in particular, women of 
childbearing age. 
Toxoplasma gondii is a ubiquitous apicomplexan parasite of warm-
blooded animals and humans worldwide, and it has been variously 
estimated that nearly one-third of humans have been exposed to T. gondii 
infection (Kijlstra and Jongert, 2008). Toxoplasmosis is an important issue 
due to its potential effects on human health, animal husbandry, and food 
safety (Tenter et aI., 2000). Although infection with T. gondii is usually 
asymptomatic in healthy humans, it can cause serious problems for fetuses 
and immunodeficient individuals (Yuan et aI., 2007; Liu et aI., 2009). 
Infection with T. gondii in women during pregnancy may result in 
transplacental transmission to the fetus, which results in various clinical 
symptoms that include hydrocephalus, chorioretinitis, intracranial calci-
fications, hepatosplenomegaly, thrombocytopenia, and microcephaly at 
birth (Montoya and Remington, 2008). 
It has been reported that infection with T. gondii is related to sterility in 
experimental animals (Stahl et aI., 1994; Terpsidis et aI., 2009). Patients 
with psychiatric disease and male sterility were found to have a higher 
tendency for T. gondii infection affecting basic reproductive parameters 
(Martinez-Garcia et aI., 1996; Bachmann et aI., 2005). Furthermore, 21 % 
of abnormal embryos and 24.2% of miscarriages and stillbirths have been 
reported in association with toxoplasmosis (Djurkovic-Djakovic, 1995; 
Nowakowska et aI., 2005), although a direct cause and effect between this 
parasite infection and these diseases has not been established. Nonetheless, 
surveillance of T. gondii infection has been regarded as an important 
measure in preventing the disease. Toxoplasma gondii and 3 other 
teratogenic agents (rubella, cytomegalovirus, and herpes simplex virus, 
including HSV-1 and HSV-2) are four organisms that cause congenital 
infections; the test for these, termed "TORCH" testing, is important in 
protecting the health of neonates (Abu-Madi et aI., 2010). 
In the present study, 882 serum samples were collected from female 
sterility patients who had been married for at least 2 yr and were being 
treated for sterility at the First, Second, and Third Hospital of Jilin 
University in Changchun, China. All the patients had experienced sexual 
relations and had not used any contraceptive measures. One-hundred and 
seven serum samples from pregnant women were collected in the Maternal 
and Children Health Hospital in Changchun, China. The age of the 
studied population spanned from 20 to 50 yr of age. The mean age of the 2 
groups was 31.6 ± 4.9 yr in female sterility patients and 30.9 ± 4.6 in 
pregnant women. No significant difference was found in age distribution 
between the 2 groups (P < 0.05), as compared by an analysis of variance 
and a Levene's test for homogeneity of variance. The study was carried 
out with permission from the Ethical Committee of Jilin University, 
China. The sera were collected with agreement from the volunteers or 
patients. 
DOl: lO.1645/GE-2680.1 
529 
Anti-T. gondii IgG antibodies were detected in sera by an enzyme-linked 
immunosorbent assay (ELISA) using a commercially available kit 
(Institute of Parasitic Diseases, Zhejiang Academy of Medical Sciences, 
Hangzhou, China) according to the manufacturer's instructions. Positive-
and negative-control sera were provided in the kit. Each serum sample was 
replicated in triplicates. The positive and negative controls were included 
in each plate. The cut-off point of optical density values of a positive 
sample was set to be at least 2 times higher than that of the negative 
samples. 
All data were analyzed with the SPSS 10.0 software package (SPSS Inc., 
Chicago, Illinois). A Chi-square test was used to analyze differences of T. 
gondii seroprevalence in different groups. The differences were considered 
to be statistically significant when the P value was <0.05. 
The prevalence of anti- T. gondii IgG antibodies in the female sterility 
patients was 15.9% (140/882) while in pregnant women the prevalence was 
5.6% (61107) (Table I). There was a significant difference between the 2 
groups (P < 0.05), indicating that there is a correlation between T. gondii 
infection and female sterility. The overall prevalence of T. gondii in the 
present study was 14.8%, which is higher than the prevalence of T. gondii 
infection in the Chinese population (7.9%) (Li et aI., 2010). A possible 
explanation could be the fact that all the subjects in our study were 
women, and women have a significantly higher risk of infection with T. 
gondii than do men (Xiao et aI., 2010). 
The optical density at 490 nm (OD 490), indicating the amount of 
specific T. gondii IgG antibodies, was also compared in seropositive 
individuals between the 2 groups. The difference between female sterility 
patients (0.58 ± 0.41) and pregnant women (0.40 ± 0.21) was found to be 
significantly different (P < 0.05), indicating that the female sterility 
patients are at higher risk of T. gondii infection in China. 
Sera from female sterility patients and pregnant women were divided 
into 5 groups based on the age (20-24, 25-29, 30-34, 35-39, and >40 yr) 
of the individuals. The seroprevalences of the 5 age groups were 15.5%, 
15.2%, 17.9%, 19.4%, and 15.4%, respectively; and 5.6%, 5.2%, 6.7%, 
7.7%, and 0%, respectively, in the corresponding age groups of pregnant 
women (Table II). The difference in prevalence among these age groups 
was not statistically significant in the female sterility patients and the 
pregnant-puerperant women (P > 0.05). These data are consistent with 
other studies performed in this region (Xiao et aI., 2010). Hypothetically, 
there should be a trend for the seroprevalence of T. gondii to increase with 
age because older people should have more chances to recruit the parasite 
over time (Fan et aI., 2003). 
Seroprevalence of T. gondii infection in animals and humans from many 
countries, including in some special populations, has been investigated. 
Higher positivity rates of T. gondii IgG antibodies have been found in 
cancer patients (24%), especially in people with nasopharyngeal carcinoma 
(46%) and rectal cancer (63%) (Yuan et aI., 2007). The seroprevalence 
(5.6%) of T. gondii infection in the present study of pregnant woman was 
lower than that of pregnant women (10.6%) and of people (12.4%) living 
in Changchun, China (Liu et aI., 2009) but similar to those reported from 
elsewhere in China. For example, 5.4% of pregnant women were reported 
to have toxoplasmosis in the northwest of China (Zhang and Li, 2005), 
6.8% in Hubei, and 4.5% in Jiangsu (Wu, 2004; Wu and Yang, 2005). A 
possible explanation for the similarities may be associated with 1, or more, 
of several factors, i.e., consumption of raw or undercooked meat, contact 
with cats, educational levels, etc. (Avelino et aI., 2004). The results could 
also be influenced by the detection methods for T. gondii antibodies 
(Sensini, 2006). 
The observation that seroprevalance of T. gondii in female sterility 
patients is higher than in pregnant women in the present study has 
significant public health ramifications. Thus, it is possible that women 
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TABLE 1. Seroprevalence of T. gondii infection in female sterility patients 
and pregnant-puerperant women in China. 
No. of No. of Seropositive 
Group cases seropositive rate (%) 
Female sterility patients 882 140 15.9 
Pregnant-puerperant women 107 6 5.6 
Total 989 146 14.8 
TABLE n. Age distribution of seroprevalence of T. gondii infection in 
female sterility patients and in pregnant-puerperant women. 
Female sterility patients Pregnant-puerperant women 
Age group No. of No. (%) No. of No. (%) 
(years) cases seropositive cases seropositive 
20-24 161 25 (15.5) 18 I (5.6) 
25-29 538 82 (15.2) 58 3 (5.2) 
30-34 134 24 (17.9) 15 I (6.7) 
35-39 36 7 (19.4) 13 1 (7.7) 
;;0:40 13 2 (15.4) 3 0(0) 
Total 882 140 (15.9) 107 6 (5.6) 
infected with T. gondii are more likely to develop sterility problems than 
are uninfected women and that the infections in the sterility patients are 
more likely to produce clinical symptoms than those in pregnant women. 
Women of childbearing age should develop a better understanding of 
toxoplasmosis and its transmission (Jones et ai., 2001; Avelino et ai., 
2004). Toxoplasma gondii can infect all nucleated cells, and cause damage 
to multiple organs, accompanied by mononuclear cell infiltration 
consisting mainly of an acute inflammatory response. Acquired hypogo-
nadism, secondary to hypothalamic dysfunction, may also result from T. 
gondiiinfection and contribute to female sterility (Stahl et ai., 1985, 1995). 
This study was supported by grants from the Development and Reform 
Commission of Jilin Province, China (grant 200603), the National Key 
Technology R&D Program in China (grant 20IOBAD04BOI), and the 
National Natural Science Foundation of China (grants 30972178 and 
31001057). 
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ABSTRACT: Host biodiversity can impact disease risk and influence the 
transmission of parasitic disease. Stream sediment-dwelling worms, 
Tubifex tubifex (Clitellata: Oligochaeta), are the definitive host of the 
parasite Myxobolus cerebralis (Myxozoa: Myxosporea), which causes 
whirling disease in salmonid fishes. Genetic diversity of T. tubifex is 
correlated with host susceptibility to M. cerebralis, and mitochondrial 
Lineage III is generally shown to be more likely to be infected and produce 
the triactinomyxon (TAM) spores than other lineages. We determined the 
mitochondrial lineage, relative abundance, and prevalence of infection of 
T. tubifex collected at 3 sites in the Madison River, Montana, where 
previous study had shown variation in whirling disease prevalence and 
severity in caged trout fry. We also compared visual identification of 
TAMs released from cultured worms with a molecular genetic assay 
(diagnostic polymerase chain reaction [PCR]) for parasite detection of 
both infected and uninfected worms. We estimated that mitochondrial 
Lineage III was most abundant at the site previously shown to have high 
fish disease and was also most likely to be infected. The 2 techniques for 
detecting parasite infection did not always agree, and the likelihood of 
PCR (+) and spore (-) was not significantly different from PCR (-) and 
spore (+). Differences in the relative infection prevalence for these 2 
lineages may explain the wide range of infection in natural streams. 
Whirling disease was first described among European populations of 
farmed rainbow trout (Oncorhynchus mykiss), which is a native North 
American salmonid species that had been widely introduced into Europe 
and elsewhere as a food fish (Hofer, 1908). Whirling disease is caused by 
the Eurasian native myxozoan Myxobolus cerebralis (Mc), which first 
appeared in North America in the 1950s (Hoffman, 1970) and since has 
been reported in more than 25 states, from New York to Alaska 
(Bartholomew and Reno, 2002; Arsan et aI., 2007). The disease has 
recently been recognized as the principal cause of major declines of wild 
rainbow trout populations in the intermountain region of the United 
States (Vincent, 1996). 
The distribution of M. cerebralis and the severity of whirling disease 
among wild rainbow trout populations are locally and regionally variable. 
It is unlikely that differences in the parasite or rainbow trout host can 
account for all of the variation in disease severity seen in wild rainbow 
trout populations. Genetic variability of M. cerebralis among populations 
is very low (Andree et aI., 1999; Whipps et aI., 2004), and most rainbow 
trout strains differ little in their susceptibility to the triactinomyxon 
(TAM) spores that infect fish (Vincent, 2002). However, the distribution 
and abundance of T. tubifex, the aquatic oligochaete that serves as the 
definitive host of M. cerebralis, is a major factor in the spread, severity, 
and potential control of whirling disease among wild fish populations 
(Hedrick et aI., 1998; Kerans and Stevens, 1998; Rasmussen et aI., 1998, 
1999; Beauchamp et aI., 2005; Krueger et aI., 2006). 
Tubifex tubifex exhibits considerable variability in susceptibility to the 
parasite. There are multiple genetic lineages (I-VI) of T. tubifex 
(Sturmbauer et aI., 1999; Beauchamp et aI., 2001; Crottini et aI., 2008) 
that can be distinguished with the use of mitochondrial (16S) and genomic 
(18S and ITS) DNA sequences. Susceptibility of T. tubifex lineages to 
infection by the myxospores of M. cerebralis ranges from highly 
susceptible (Lineage III) and moderately susceptible (Lineage I), to 
completely resistant (Lineages V and VI; Stevens et aI., 2001; Beauchamp 
et aI., 2002; Steinbach et aI., 2006; Arsan et aI., 2007; Rasmussen et aI., 
2008). Although much of the work identifying genetic lineages of T. 
tubifex is based on the mitochondrial 16S rDNA gene, it is unlikely that 
this gene directly confers resistance to the parasite (Arsan et aI., 2007). 
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Because laboratory infection experiments show considerable variability 
in susceptibility of T. tubifex strains (e.g., Kerans et aI., 2004), local and 
regional variability in whirling disease severity in rainbow trout is likely 
related to the particular lineage of T. tubifex and its density at a location 
(Beauchamp et aI., 2005). In the Madison River, Montana, where M. 
cerebralis is epizootic (Vincent, 1996), whirling disease risk is positively 
correlated with density of infected T. tubifex (Krueger et aI., 2006); 
however, studies of the mitochondrial lineages present in various habitats 
and their relative infection prevalence are lacking. Determining the 
relative abundance of genetic lineages of T. tubifex in the Madison River 
and their associated parasite prevalence can pinpoint areas to target 
disease control efforts. In the present study, we determined the lineages of 
T. tubifex present at 3 sites in the Madison River that had previously 
shown significant differences in caged trout fry infection prevalence and 
severity (Krueger et aI., 2006) and measured the prevalence of infection 
with M. cerebralis in these worms. 
Lineages of T. tubifex can only be distinguished based on DNA 
sequence (Sturmbauer et aI., 1999; Beauchamp et aI., 2001); however, 
infection with M. cerebralis can be detected by both visual observation of 
TAMs and by using a polymerase chain reaction (PCR) assay specific for 
M. cerebralis (Andree et aI., 1998; Granath et aI., 2007; Gilbert and 
Granath, 2008). In fish, the PCR test improved the detection of M. 
cerebralis compared to visual observation because it can detect the 
presence of the parasite at lower thresholds (Andree et aI., 1998). In 
addition, the PCR test can confirm infected worms are producing TAMs 
of M. cerebralis and also identify worms that are infected and not yet 
producing TAMs (Granath and Vincent, 2010), as well as worms that may 
have stopped producing TAMs, but remain infected (Gilbert and Granath, 
2001). For the best understanding, both methods should be used. 
The present study directly compared the lineages of both infected and 
uninfected worms and examined infection prevalence with the use of 2 
methods, i.e., visual identification of TAM production and PCR 
detection. To examine the role of spatial variation in the abundance of 
the different lineages, the following questions were addressed: (I) What is 
the relative abundance of different lineages of T. tubifex at various 
locations in the Madison River? (2) What is the parasite prevalence among 
different lineages? (3) Is the diagnostic PCR test equivalent to visual 
observation of TAMs for assessing infection? 
The study locations were 3 side channels, North Slide, Pine Butte, and 
Lyons Bridge in the upper 39 km of the Madison River between Quake 
Lake and Ennis Lake in Madison County, Montana, where whirling 
disease risk had been measured in 1999 and 2000 (Krueger et aI., 2006). In 
2005, live oligochaetes were collected in May, June, and July with the use 
of kick nets, and were stored on ice for transportation to the laboratory. 
Specimens with hair chaetae were likely to be T. tubifex and were placed in 
4-ml well plates with dechlorinated tap water at IS C on 12:12 lightdark 
light regime. For 1,253 worms, infection was determined by scanning each 
well for TAMs twice over a 2-wk period with the use of a dissecting 
microscope (40X). We found 46 worms producing TAMs and 1,207 that 
were not. 
After the 2-wk period, we used molecular genetic assays to test 102 
worms, which included 46 worms that produced TAMs and 56 randomly 
selected worms that did not produce TAMs. The remaining 1,151 non-
TAM producing worms were not genetically tested. DNA was extracted 
from these 102 worms with the use of NUcleospin® kits (BD Biosciences 
Clontech, Foster City, California). The DNA was used to amplify and 
sequence host DNA to determine the genetic lineage of T. tubifex 
(Sturmbauer et aI., 1999) and parasite DNA was also amplified to assess 
the prevalence of infection for each lineage and to examine the agreement 
between the PCR test for M. cerebralis infection and visual observation of 
TAMs produced by infected worms. The PCR assay also served to 
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TABLE I. The relative abundance of tested worms for 3 study locations on 
the Madison River, Montana. 
Location 
Worms Lyons Bridge North Slide Pine Butte 
Tubi/ex tubi/ex lineage I 9 14 6 
T. tubi/ex lineage III 40 12 9 
Rhyacodrilus sp. 0 0 12 
confirm that worms producing TAMs were infected with M. cerebralis and 
not another myxozoan. Approximately 350 base pairs (bp) of the 16S 
rRNA gene were sequenced to determine the mitochondrial lineage of T. 
tubifex with the use of previously described procedures (Beauchamp et aI., 
2001). The 16S rDNA sequences were then compared to sequences 
previously published in GenBank with the use of the NCBI BLAST 
algorithm, which identified the samples from this study as Lineage III and 
Lineage I of T. tubifex and Rhyacodrilus sp. Of the 102 worms that were 
tested, 61 were Lineage III, 29 were Lineage I, and 12 were Rhyacodrilus 
sp. 
The relative abundance of the 2 T. tubifex lineages and Rhyacodrilus sp. 
was variable among the 3 study locations and Lineage III was most 
abundant at the site that previously had highest fish disease, Lyon Bridge 
(likelihood ratio: "1..2 = 47.11, df = 4, P < 0.0001; JMP® Version 8, SAS 
Institute, Inc., Cary, North Carolina). The relative abundance did not 
vary among the sampling dates (likelihood ratio: "1..2 = 7.01, df = 4, P > 
0.05; JMP® Version 8, SAS Institute). Most Lineage III (40/61) worms 
were collected from Lyon Bridge, whereas most Lineage I (14/29) worms 
were from North Slide and all 12 Rhyacodrilus sp. were collected from 
Pine Butte (Table I). Rhyacodrilus sp. was not included in the analysis 
hereafter. 
Of the 46 worms that produced TAMs, 38 (83%) were Lineage III and 8 
(17%) were Lineage I (Table II). In contrast, 23 (52%) of the 44 non-TAM 
producing worms were Lineage III; 21 (48%) were Lineage I. Thus, based 
on TAM production of field-collected worms, more Lineage III worms 
were producing TAMs than Lineage I worms (likelihood ratio: "1..2 = 9.723, 
P < 0.002; JMP® Version 8, SAS Institute). 
Forty-eight of the 90 individuals examined were positive for parasite 
infection by PCR (Table II). Of these, only 7 (15%) were Lineage I, 
whereas 41 (85%) were Lineage III. For the PCR negative worms, 22 
(52%) were Lineage I, and 20 (48%) were Lineage III. Thus, by the PCR 
test, more Lineage III worms were infected than Lineage I worms 
(likelihood ratio: "1..2 = 15.127, P < 0.0001; JMP® Version 8, SAS 
Institute). 
Both ways of assessing infection showed that Lineage I worms had a 
lower prevalence of infection than worms of Lineage III; however, the 2 
methods did not always agree. Nine individuals were scored positive by 
Mc diagnostic PCR and did not produce TAMs (Table III), presumably 
because either PCR can detect low levels of infection that cannot be 
detected visually, PCR can detect infection before worms start producing 
TAMs, or some infected worms do not produce TAMs. Eight worms 
produced TAMs and were not positive by Mc diagnostic PCR. Attempts 
to amplify and sequence the 18S rDNA (Andree et aI., 1998, 1999) gene 
were successful for 4 of these worms, which were identified as M. cerebralis 
by BLAST search algorithm (NCBI BLAST). Because all samples were 
PCR amplified and sequenced for T. tubifex lineage identification as 
described above, we rule out PCR inhibition. We speculate that perhaps 
TABLE II. Infection prevalence for Lineage I and Lineage III of Tubifex 
tubifex (yes = triactinomyxons [TAMs] observed; no = TAMs 
not observed). 
Myxobolus cerebralis-specific 
TAM production polymerase chain reaction test 
Lineage Yes No Positive Negative 
8 (17%) 21 (48%) 7 (15%) 22 (52%) 
III 38 (83%) 23 (52%) 41 (85%) 20 (48%) 
TABLE III. Agreement between triactinomyxons (TAM) release and 
Myxobolus cerebralis (Mc) polymerase chain reaction (PCR) screening 
for Lineage I and Lineage III of Tubi/ex tubi/ex. 
Mc-specific PCR test 
Lineage TAM production Positive Negative 
Positive 6 2 
Negative I 20 
III Positive 33 5 
Negative 8 15 
there is another myxozoan present that fails to amplify with the genera 
specific primers or that the worms shed almost all of their TAMS and the 
infection was below the limits of PCR detection. 
Lineage I showed a relatively high degree of agreement (kappa = 0.73; 
SE = 0.15) between the PCR screen and TAM presence, whereas Lineage 
III had a lower degree of agreement (kappa = 0.53, SE = 0.11; JMP® 
Version 8, SAS Institute). Kappa values show the agreement of the PCR 
and visual observation tests ( - 1 = negative association, 0 = random, 1 = 
complete agreement). The symmetry for lack of agreement (Bowker 
Symmetry; JMP® Version 8, SAS Institute) for Lineage I was lower (0.33) 
than Lineage III (0.69). This test checks for symmetry in 2-way tables and 
the test decision is based on a "1..2 approximation of the distribution of the 
test statistic (Krampe and Kuhnt, 2007). The Bowker Symmetry is not 
significantly different from random (P > 0.05) for either lineage, 
indicating that PCR (+) and TAM (-) is as likely as PCR (-) and 
TAM (+). 
Parasite susceptibility varies among T. tubifex lineages, but has not been 
directly linked to the 16S mitochondrial gene. Variation within lineages 
has also been documented (Beauchamp et aI., 2002; Arsan et aI., 2007; 
Rasmussen et aI., 2008). Previous assessment of parasitic infection in T. 
tubifex has been done by observing TAM production (Beauchamp et al., 
2002; Kerans et aI., 2004, 2005; Rasmussen et aI., 2008; Hallett et aI., 2009) 
and by diagnostic PCR originally developed for fish and later used in T. 
tubifex (Gilbert and Granath, 2001). More recently, qPCR was used to 
detect the presence of M. cerebralis in T. tubifex (Arsan et aI., 2007). In 
addition, many studies (Gilbert and Granath, 2001; DuBey and Caldwell, 
2004; Koel et aI., 2006; Arsan et aI., 2007; Baxa et aI., 2008; Hallett et aI., 
2009; Granath and Vincent, 2010) used M. cerebralis diagnostic PCR to 
confirm infection in worms, which had been visually identified as TAM 
producers. 
In laboratory experiments using worms collected from California, 
Montana, Utah, and Argentina, Rasmussen et al. (2008) observed higher 
Lineage III susceptibility in comparison to Lineage I. In comparison, 
Beauchamp et al. (2002) found variation between 2 locations of the 
Colorado River, Colorado. At 1 site, they found infection higher in 
Lineage I than Lineage III, whereas only Lineage III was infected at the 
other location. Other field observations (DuBey et aI., 2004) and 
combined field and experimental studies (Arsan et aI., 2007), show 
Lineage III had higher infection prevalence than Lineage I. Our 
investigation thus supports previous work in that it showed infection is 
more prevalent in Lineage III than in Lineage I, consistent with the 
reported higher susceptibility. Forty-one Lineage III worms (from an 
estimate of 614 Lineage III worms) were positive by PCR for parasitic 
infection, suggesting that the prevalence for Lineage III is -7%, whereas 
only 7 Lineage I worms (from an estimated 580 Lineage I worms) were 
infected (-1%). 
Higher prevalence for Lineage III over Lineage I in these 3 side channels 
of the Madison River suggest that, in a natural setting, local whirling 
disease prevalence is influenced by the specific lineage of T. tubifex 
present, along with other ecological and physiological parameters. These 
data from 2005, showing high abundance of Lineage III at Lyon Bridge, a 
preponderance of Lineage I at North Slide, and collection of Rhyacodrilus 
sp. only at Pine Butte, reflect the whirling disease risk measured with the 
use of sentinel cages in 1999-2000, where Lyon Bridge had the highest risk 
and Pine Butte the lowest (Krueger et aI., 2006). 
These results are important for management of wild fish populations 
because high Lineage III abundance provides more host habitat for M. 
cerebralis. Determination of site-specific contribution is important to 
implement small spatial scale management strategies, which may have a 
large impact on reducing whirling disease throughout the river system 
(Krueger et a!., 2006). 
Worm habitat variability may also playa key role in disease dynamics if 
different environmental tolerances and physiological parameters are also 
correlated with genetically based differences in susceptibility (Kerans et 
a!., 2005). Disease can be variable among side channels and the main 
channel (Krueger et a!., 2006) and myxospore dormancy and T. tubifex life 
span are affected by ecological phenomena, such as changes in water 
temperature, sedimentation, and pH. In addition, T. tubifex can tolerate 
low oxygen levels, desiccation, and a wide range of temperatures 
(Reynoldson, 1987; Brinkhurst, 1996). However, it is still an open 
question with respect to the manner in which genetic differences among 
lineages contribute to difference in infection prevalence or determine the 
abundance of the lineages in different habitats. 
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Developmental Changes in Salivary Glands of Nymphs and Adults of the Spinose Ear Tick 
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ABSTRACT: Otobius megnini has an autogenous I host life cycle, where 
larvae and nymphs stay attached inside the ear canal for long periods, but 
the adult tick is free living and can lay several egg batches without feeding. 
In order to obtain information about anatomical structures involved in 
this particular life cycle, nymphs and adults of 0. megnini were dissected 
and salivary gland images were obtained in situ with the use of scanning 
electronic microscopy. Measurements of salivary alveoli were obtained 
with the use of Image] 1.40g software. In the nymphs, the Type I alveoli 
are relatively small (mean diameter: 19.6 J.lm) compared with those of the 
adults (mean: 43.4 J.lm) and other soft ticks in the literature. Type II alveoli 
in nymphs are similar (mean: 82.6 J.lm) to previously described alveoli in 
adult soft ticks. In contrast, the adults of 0. megnini Type II alveoli are 
smaller (mean: 36.8 J.lm) and have a wrinkled surface. These findings 
provide more evidence that Type I alveoli take part in absorption of 
moisture during the free-living tick stages. 
Otobius megnini (Duges, 1883) is an argasid tick with a worldwide 
distribution; cattle, sheep, goats, South American camelids, and horses are 
the principal hosts. Human infestation is also quite frequent (Keirans and 
Pound, 2003). The tick has been incriminated in pathogen transmission. 
Although it is generally considered as being adapted to arid and semiarid 
environments, it has also been reported from humid areas in several 
countries. Larvae and nymphs stay attached inside the ear canal for 
extended periods of time, whereas the adult tick is free living and can lay 
several egg batches without feeding (Nava et aI., 2008). 
Salivary glands (SGs) are the major route by which pathogenic 
organisms and toxins access vertebrate hosts (Kaufman, 1989). In argasid 
ticks, the SGs are composed of both Type I and Type II alveoli (Roshdy, 
1972; Coons and Roshdy, 1981). Type II alveoli are composed of granular 
cells that have a storage and secretory function for proteins involved in the 
regulation of blood feeding at the tick-host interface (Mans et aI., 2004). 
Type I alveoli are thought to be responsible for secreting hygroscopic 
substances involved in the uptake of atmospheric moisture (Bowman et 
aI., 2008). Active absorption of water vapor from the surrounding 
atmosphere compensates for water losses and, together with integumental 
waterproofing, assures maintenance of body water above a critical 
equilibrium humidity in nonparasitic tick stages (Kniille and Rudolph, 
1982). Studies on the ultrastructure of O. megnini SGs (Stricker, 1993) 
have shown that Type I alveoli (namely, Type A acini) are like those of 
other ticks in adults, but are relatively small in nymphs. It was also shown 
that Type II alveoli (namely Type B acini) are granular and comprise the 
bulk of the glands in the nymphs, but are shrunken and degenerated in 
adults. In the particular biological cycle of 0. megnini, different stages are 
exposed to different environmental conditions. Although the nymphs can 
spend as many as 200 days attached in a protected and relatively stable 
environment like the ear channel, adults can survive for several months in 
an external environment under more variable conditions. 
To increase our understanding of the anatomical features involved in 
water balance processes, dissections of the SGs of 2 adults and 2 nymphs of 
0. megnini were performed. The live ticks were chilled at 4 C, fixed on a 
melted paraffin layer in a Petri dish, and covered with phosphate-buffered 
saline (PBS). The entire dorsal cuticle was removed with the aid of a 
stereomicroscope. To facilitate the observation of the SGs, some of the 
organs and tissues were also removed. The ticks were washed with PBS and 
fixed for 24 hr in modified Karnovsky medium (2 parts 10% formaldehyde, 
I part 25% glutaraldehyde, 2.5 parts PBS, and 4.5 parts distilled water). 
Karnovsky medium was subsequently removed by rinsing in PBS. At this 
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point, ticks were removed from the paraffin layer and dehydrated in a 
succession of 10%, 30%, 50%, and 70% ethanol. Each solution was changed 
3 times, every 25 min. Finally, they were placed in absolute ethanol for 
60 min. In each step of the process, the tissue/solution ratio was maintained 
at I: I O. After that, the samples were dehydrated by critical point drying and 
coated with sublimated gold. Scanning micrographs were taken at the 
Electron Microscope Service of the Museo de Ciencias Naturales de La 
Plata, Universidad Nacional de La Plata. The major diameters of20 alveoli 
of each type were measured in nymphs and adult ticks with the use of the 
free software Image] 1.40g. A t-test was performed to compare 
measurements of alveoli of different 0. megnini stages. The sizes of other 
argasid SGs described in the literature were also compared. 
The paired SGs comprise 2 strings spread from the internal face of the 
spiracular plate to the capitular foramen (Fig. lA, B). The alveoli 
surround a main duct. Although the Type I alveoli are aggregated on 
the medial ventral face of the anterior third of the organ, the rest of the 
gland includes Type II alveoli and is completely covered by a sheath 
(Fig. IC). This general structure of the SGs of nymphs and adults of 0. 
megnini is similar to those of other argasid tick species (Roshdy, 1972; 
Mans and Neitz, 2004) and to the anatomical description performed by 
Stricker (1993). As shown in Table I, there is a significant difference in size 
among alveoli of the same type in nymphs and adults. SGs of adult 
argasids have been measured in Argas persicus (Roshdy, 1972) and in 
Ornithodoros papillieps (Balashov, 1972). In these studies, the diameters of 
Type I alveoli were 30-40 J.lm and 40-60 J.lm, respectively, whereas Type II 
alveoli diameters were 70-100 J.lm and 70-150 J.lm, respectively. In both 
ticks, the size ratios of Type II and Type I alveoli was 2.2-2.4: I. In 0. 
megnini nymphs, the size of Type II alveoli is similar to those of other 
ticks, but Type I alveoli are smaller. The size ratio in this stage is 4.2: I 
(Fig. IC, D). Although the size of Type I alveoli of adults is similar to 
adults of other ticks, this is not true for Type II alveoli, which are smaller 
than Type I alveoli of the same stage, and the size ratio (0.84:1) is inverted. 
The wrinkled surface of the former alveoli type is also different from the 
smooth surface shown by the other alveoli (Fig. IE, F). 
Quantitative information about immature stages in soft ticks for 
comparative purposes is scarce in the literature, so we do not know the 
normal size of the SG alveoli in nymphs. Till (1961) described that in 
ixodid ticks, the differences in the size of the SGs among stages are due to 
an increase in the number of alveoli, because the size of the alveoli does 
not vary significantly between stages, being of the same size in unfed 
larvae, nymphs, and adults. In the present study, nymph Type II and adult 
Type I alveoli are of the same size of those of other species described in the 
literature (Balashov, 1972; Roshdy, 1972). The differences observed 
between the Type I alveoli in the different tick stages provide more 
evidence that these structures take part in uptake of moisture during the 
free-living stages, as was hypothesized by Rudolph and Kniille (1978). 
Because larvae of 0. megnini molt on the host, most nymph development 
is in the ear canal, where temperature and humidity conditions are 
relatively constant. Thus, the function of these alveoli is limited, probably 
due to the absence of external stimuli. When the last nymphal stage 
emerges from the ear canal and drops to the ground to molt into the adult 
stage, it is exposed to external environmental conditions. At this point, 
passive resistance to water loss is associated with the waxy lipids of the 
epicuticle (Kniille and Rudolph, 1982). 
Adult ticks carry out their reproductive activity under external 
environmental conditions, without feeding. In order to survive, they must 
be able to take water from the atmosphere. During this life stage, Type I 
alveoli are well developed, but Type II alveoli are not; they are visibly 
shrunken when compared to those in the nymphs and hidden by the sheath 
that covers them. 
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FIGURE I . Otobius megnini (A) nymph and (B) adult. Arrows point to salivary glands. (C) Type I alveoli of nymph. Arrow points to main salivary 
duct. (D) Type II alveoli of nymph. The sheath was partially removed. (E) Type I alveoli of adults. (F) Type II alveoli of adults. 
TABLE 1. Means ± standard deviations (SDs) and ranges of the size ([lm) 
measured on the major diameter of Type I and Type II alveoli of 2 nymphs 
and 2 adults of Otobius megnini. Twenty alveoli of each type were 
measured in each specimen. t indicates t-test for difference between means 
of alveoli of the same type but different stage (P < 0.0001). 
Mean SD Range 
Nymph Type-I alveoli 19.61 1.92 14.7-21.7 
Adult Type-I alveoli 43.37 3.69 37.1-48.7 7.52 
Nymph Type-II alveoli 82.60 5.53 72.5-91.4 
Adult Type-II alveoli 36.75 3.53 32.5-42.9 5.83 
The biology of this tick remains unclear in several respects. For 
example, it would be good to undertake the same type of analysis, 
including the larvae, and to complete it with cellular biology and 
ultrastructure studies to assess the functional characteristics of both 
alveoli types. In this scenario, 0. megnini would seem to be a suitable 
natural model for analyzing SG physiology, especially with respect to 
Type I alveoli. 
The presence of a sheath surrounding the entire SG of argasids is 
described by Coons and Alberti (1999) and Bowman and Sauer (2004). 
However, we found it covering only Type II alveoli in nymphs and adults. 
Mans and Neitz (2004) provide scanning electron micrographs of 
Ornithodoros savignyi with an encasing sheath around the entire SG. A 
sheath is not always included in many descriptive publications of SG in 
soft ticks, or in other comprehensive works of tick anatomy. It is, 
therefore, unclear if the sheath is a common feature for all argasids, or if it 
is shared just by some genera. Visualization of this structure may be 
difficult with just stereomicroscopy. The methods used here could help to 
clarify this issue. 
Finally, 0. megnini nymphs have a unique spinose cuticle, not shared by 
other stages or other tick species (Sonenshine, 1991). Although not the aim 
of the present study, the micrographs revealed the internal face of the 
cuticlar spines, but no associated muscles or nerves were recognized. We 
suggest that a function for these spines could be to increase earwax 
production by irritation, and also help in keeping this wax smeared over 
the nymph epicuticle once it leaves the host. Further work is necessary to 
confirm this hypothesis. 
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ABSTRACT: Hexadecylphosphocholine (miltefosine) is an anticancer drug 
active in vitro against various protozoan parasites, and recently used for 
the treatment of disseminated Acanthamoeba infection. In the present 
study, we present results of weak cytotoxic activity of this potential 
amoebicidal agent for 2 of 3 clinical isolates of Acanthamoeba spp. 
Although the inhibition effect for all tested concentrations was apparent, 
and showed 100% eradication oftrophozoites of Acanthamoeba castellanii 
strain at a concentration of 62.5 11M after 24 hr, the strains Acanthamoeba 
sp. and Acanthamoeba lugdunensis exhibited low sensitivity to hexadecyl-
phosphocholine, even in high concentrations. The determined minimal 
trophocidal concentrations were 250 11M for Acanthamoeba sp. and 
500 11M for A. lugdunensis after 24 hr of exposure. Although 
hexadecylphosphocholine is a potential agent for treatment of Acantha-
moeba keratitis and systemic infections, in clinical practice the possible 
insusceptibility of the amoebic strain should be considered for optimizing 
therapy. 
Species of Acanthamoeba Volkonsky, 1931 are free-living amoebae 
known as causative agents of chronic granulomatous amoebic encephalitis 
(GAE) and disseminating diseases in immunodeficient individuals and 
Acanthamoeba keratitis (AK), a painful progressive eye disease in 
immunocompetent individuals. The rising number of cases of amoebic 
keratitis is connected with the increasing use of contact lenses and 
worldwide distribution of the acanthamoebae in diverse environments 
(Schuster and Visvesvara, 2004a; Visvesvara and Schuster, 2008; Khan, 
2009). The treatment of GAE and disseminated infections is to date 
limited and only rarely successful. AK was treated with a series of drugs 
with various and inconsistent effects; easily manageable treatment is not 
available (Schuster and Visvesvara, 2004b; Khan, 2009). Therefore, new 
drugs are being synthesized and tested. 
Among the potential amoebicidal drugs, membrane-acting agents are at 
the center of attention because of promising results under both 
experimental and clinical conditions (Khan, 2009). These agents include 
the alkylphosphocholines (APCs), which are among the most promising 
compounds for the treatment of Acanthamoeba .infections. Besides their 
antineoplastic and antifungal effect (Widmer et aI., 2006), they also exhibit 
considerable antiprotozoal activity (Walochnik et aI., 2002; Croft et aI., 
2003; Khan, 2009). A prototype of the APCs is hexadecylphosphocholine 
(miltefosine, HPC), which was initially developed as an anticancer drug, 
but has also demonstrated antiprotozoal activity against several parasites, 
including species of Leishmania, Trypanosoma, Entamoeba, Balamuthia, 
and Naegleria (Croft et aI., 2003; Schuster et aI., 2006). The effective 
cytotoxic activity of HPC against trophozoites and cysts of pathogenic 
strains of Acanthamoeba spp. has been experimentally demonstrated 
several times (Walochnik et aI., 2002; McBride et aI., 2005; Schuster et aI., 
2006; McBride et aI., 2007), and it has recently been successfully applied 
for the treatment of a case of disseminated Acanthamoeba infection 
(Aichelburg et aI., 2008). 
In the present study, cytotoxic activity ofmiltefosine (Fig. I) was tested 
on 3 clinical isolates of free-living amoebae, i.e., Acanthamoeba castellanii 
(Douglas, 1930) Volkonsky, 1931, Acanthamoeba lugdunensis Pussard & 
Pons, 1977, and Acanthamoeba sp., isolated from the corneas of 3 patients 
with AK (Walochnik et aI., 2000; Ondriska et aI., 2006). All 3 isolates are 
representatives of group II according to the classification of Pussard and 
Pons (Schuster and Visvesvara, 2004a; Visvesvara and Schuster, 2008). 
The species identification was performed according to the identification 
key of Page (1991), based mainly on cyst morphology and temperature 
tolerance (Walochnik et aI., 2000; Ondriska et aI., 2006). The identification 
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FIGURE I. Structure of hexadecylphosphocholine (HPC). 
of I of the isolates to the species level was not unambiguous and, 
therefore, we preferred to leave its identity as Acanthamoeba sp. 
The experiment was carried out with the use of the modifications of 
previously described methods (Walochnik et aI., 2002; Lukac et aI., 2009). 
Briefly, from the 2-day monoxenic cultures on agar plates, the 
trophozoites were axenized by inoculation into the Bacto-Casitone/Serum 
medium (BCS) with penicillin and ampicillin. After 72 hr, the active 
trophozoites were transferred into peptone-yeast extract-glucose medium 
(PYG) with penicillin and ampicillin. After 5 passages, the trophozoites 
were transferred into a PYG medium without antibiotics and consecu-
tively cultivated in this medium. Cytotoxicity measurements were 
performed in sterile 96-well microtiter plates. Each well was seeded with 
100 !!1 (2 X 105 cells ml-1) of a trophozoite suspension. Then, 100 !!1 of a 
freshly prepared medium containing HPC at 6 concentrations was added 
to all wells except untreated control wells, which received 100 III of a pure 
medium. The HPC was tested at final concentrations of 500, 250, 125, 
62.5, 31.25, and 15.6 11M. The reduction of trophozoites was recorded 
after I, 24, and 48 hr by counting the surviving cells in a Burker-Turk 
hemocytometer. Viability of trophozoites was determined by trypan blue 
exclusion; 100% eradication was confirmed by transferring 50 !!1 of the 
suspension to a PYG medium, then recording the amoeba growth for 
14 days. The lowest concentration of the HPC supporting 100% 
eradication of the trophozoites was defined as the minimal trophocidal 
concentration (MTC). The cultivations and the cytotoxicity measurements 
were carried out at 37 C for Acanthamoeba sp. as well as A. lugdunensis, 
and at 30 C for A. castellanii because of its inability to grow at 37 C. The 
experiments were repeated 8 times for each concentration. 
After 48 hr of incubation, the control cultures of Acanthamoeba sp., 
A. lugdunensis, and A. castellanii produced 5.85 X 105 cells ml- 1, 5.29 X 
104 cells ml-t, and 3.28 X 104 cells ml-t, respectively. All HPC 
concentrations tested inhibited the growth of all 3 strains (Figs. 2, 3). 
The HPC was highly effective against A. castellanii strain with MTC 
125 11M after I hr. The MTC after 24 and 48 hr decreased to 62.5 and 
31.25 11M, respectively. However, HPC exhibited only weak cytotoxic 
activity against Acanthamoeba sp. and A. lugdunensis. The MTC after I hr 
was more than 500 11M for both strains of amoebae. A complete 
eradication of trophozoites of Acanthamoeba sp. and A. lugdunensis after 
24 hr was recorded at concentrations of 250 and 500 11M, respectively 
(Table I). After 48 hr, the measured MTC of miltefosine reached 
persistently high concentrations of equal to, or more than, 125 11M for 
both strains. 
The results obtained for A. castellanii correspond to those ofWalochnik 
et al. (2002), who tested the amoebicidal activity of HPC against the same 
strain with MTC values of 40 11M through all exposure times. The 
difference in the MTC values determined for this strain in the present 
study is a result of different concentrations of HPC used and, likely, some 
alteration of the susceptibility of the strain can be also explained by its 
long-term laboratory cultivation. However, the measured MTC values for 
Acanthamoeba sp. and A. lugdunensis in the present study are much higher 
in comparison with the A. castellanii strain, and also with all previous 
studies of amoebicidal activity of HPC. Schuster et al. (2006) examined the 
trophocidal effect of HPC on 2 clinical isolates of Acanthamoeba 
polyphaga, which did not recover from the concentration of 80 11M. 
Walochnik et al. (2002) recorded 100% eradication of trophozoites for 3 
species, i.e., A. castellanii, A. polyphaga, and Acanthamoeba lenticulata at 
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FIGURE 2. The effect of different concentrations of hexadecylpho-
sphocholine (HPC) against Acanthamoeba castellanii. Concentrations 
used: 15.6 JlM (open diamonds), 31.25 JlM (filled diamonds), 62.5 JlM 
(open triangles), 125 JlM (filled triangles), 250 JlM (open squares), 500 JlM 
(filled squares). Filled circles are control. 
the concentrations of 40-80 JlM within 30 min and 20-40 JlM after 24 hr. 
Their results are congruent with MTC values reported by McBride et al. 
(2005, 2007), which reached 31.25 JlM for other strains of A. castellanii 
and A. polyphaga, and also with the present MTC obtained for A. 
castellanii strain. In our study, we observed about lOx higher values of 
MTC for Acanthamoeba sp. and A. lugdunensis. Such difference in the 
effect of HPC on the isolates can be explained by diverse sensitivity of the 
strains and species used in experiments. Interestingly, in all previous 
experiments, the variations in the sensitivity of the strains were only 
moderate (Walochnik et aI., 2002; McBride et aI., 2005; Schuster et aI., 
2006; McBride et aI., 2007). To date, survival at a concentration of 80 JlM 
after 7 days of exposure has been observed for only I strain of 
Acanthamoeba sp. isolated from a skin biopsy (Schuster et aI., 2006). 
Unfortunately, the influence of higher concentrations of HPC has not 
been studied for that strain and the MTC was not defined. 
Miltefosine (Impavido®, Frankfurt/Main, Germany) is currently in 
clinical use for treatment of visceral leishmaniasis in India and Germany, 
and for treatment of cutaneous leishmaniasis in Colombia (Esmaeili et aI., 
2008). For species of Leishmania, diverse sensitivities to HPC have been 
detected. The minimal inhibitory concentration (MIC) of HPC against 
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Leishmania major was approximately 20 JlM after 72 hr (Esmaeili et aI., 
2008). For Leishmania donovani, it reached 40 JlM after 48 hr (Verma and 
Dey, 2004) and 10-40 JlM after 5 days of exposure (Croft et al., 1996). 
However, Seifert et al. (2003) developed a line of a strain of L. donovani 
resistant to HPC at the concentration of 40 JlM, but sensitive at 80 JlM. 
These results are comparable with values of the MTC measured for 
sensitive strains of Acanthamoeba spp. (Walochnik et aI., 2002; McBride et 
aI., 2005; Schuster et aI., 2006; McBride et aI., 2007), but not with MTC 
values obtained for 2 less-susceptible strains of the present study. 
Little is known about the distribution of the amoebicidal agents in the 
relevant tissue compartments. The pharmacokinetics of miltefosine is still 
to a great extent unknown; it was examined recently in cutaneous 
leishmaniasis patients treated with 150 mg oral miltefosine/day. Miltefo-
sine plasma concentrations ranged from 6.75 ng/ml (1.65 X 10-2 JlM) to 
51,600 ng/ml (126.60 JlM) with median of 30,800 ng/ml (75.57 JlM) (Dorio 
et al., 2008). Miltefosine is able to cross the blood-brain barrier and 
concentrate in brain tissue (Schuster et aI., 2006). Above-mentioned 
concentrations perhaps would be effective enough for elimination of 
susceptible strains of Acanthamoeba spp. causing CNS (central nervous 
system) infections (Aichelburg et aI., 2008), but most likely not for the less-
susceptible strains. The main site of toxicity after oral administration is the 
gastrointestinal tract, where miltefosine is nearly completely absorbed. 
The oral use of miltefosine with a dosage of 150 mg and higher was 
associated frequently with distinct gastrointestinal side effects, including 
nausea and vomiting, and with fatigue (Sindermann and Engel, 2006). 
Thereafter, the treatment of an infection caused by a less-sensitive 
Acanthamoeba strain with higher dose of oral miltefosine would be limited 
by a high risk of considerable side effects (Dorio et al., 2008). 
Unfortunately, the potential of HPC for treatment of Acanthamoeba 
keratitis by topical application has not yet been studied and no data are 
available. 
To the best of our knowledge the present study reports for the first time 
a low sensitivity of pathogenic Acanthamoeba strains to miltefosine. 
Although the ability of miltefosine to penetrate the blood-brain barrier 
makes it a potential drug for treatment of systemic infections, as well as 
Acanthamoeba keratitis (Schuster and Visvesvara, 2004b; Schuster et aI., 
2006), our results indicate that in clinical practice, attention should be paid 
to susceptibility of the amoebic strain to the amoebicidal agent to optimize 
the therapy. In the case of low susceptibility by amoebae, the successful 
outcome of the therapy will depend on a combination with other 
amoebicidal drugs. 
The authors thank the management of HPL (Ud.), Bratislava for 
laboratory space, and Dr. J. Walochnik (Medical University of Vienna) 
for kindly providing A. castellanii IBU strain. The study was supported by 
grants from the Scientific Grant Agency of the Ministry of Education of 
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FIGURE 3. The effect of different concentrations of hexadecylphosphocholine (HPC) against Acanthamoeba lugdunensis and Acanthamoeba sp. 
Concentrations used: 15.6 JlM (open diamonds), 31.25 JlM (filled diamonds), 62.5 JlM (open triangles), 125 JlM (filled triangles), 250 JlM (open squares), 
500 JlM (filled squares). Filled circles are control. 
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TABLE 1. Minimal trophocidal concentration (MTC) of miltefosine in 3 
clinical isolates of Acanthamoeba spp. 
Incubation 
time (hr) 
24 
48 
Acanthamoeba 
castellanii 
125 
62.5 
31.25 
MTC (ILM) 
Acanthamoeba 
sp. 
>500 
250 
125 
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ABSTRACT: Seroprevalence of Neospora caninum in dairy buffaloes 
(Bubalus bubalis) was assessed in the Lahore District of Punjab Province, 
Pakistan. The study revealed an overall prevalence of 54.7% for N. 
caninum antibodies determined through a competitive enzyme-linked 
immunosorbent assay performed on randomly collected serum samples. 
The highest prevalence was observed in buffaloes >3-5 yr of age (64.1 %), 
followed by 57.9% for 5 to 6 yr olds, and 55.8% in I-yr-old neonates, with 
high probability of infection under intensive dairy farming conditions. The 
pattern of prevalence was closely associated with the season as reflected by 
the highest prevalence (70.5%) in summer (May-August) and lowest 
(39.6%) in winter (November-January). Aborting buffaloes illustrated 
significantly higher (78.9%) exposure compared with non-aborting dams 
(59.8%). Prevalence in animals with canine contact was significantly 
higher (60.3%) than without contact (48.1%). This is the first reported 
prevalence of N. caninum in Pakistan. 
Neospora caninum, a cosmopolitan apicomplexan parasite, is structur-
ally similar, but antigenically distinct, from the closely related Toxoplasma 
gondii. Dogs and coyotes are definitive hosts of N. caninum, and cattle and 
other species act as intermediate hosts (Gondim et aI., 2004). Buffaloes 
(Bubalus bubalis) are important natural hosts for N. caninum (Rodrigues et 
aI., 2004). The parasite causes neosporosis, leading to neuromuscular 
disorders, paralysis, and death in dogs, and abortion and neonatal 
morbidity in cattle, sheep, goats, horses, and deer (Hemphill, 1999). Cattle 
infected with the parasite are 2-7 times more likely to abort compared 
with uninfected animals (Davison et aI., 1999; Romero et aI., 2005). Other 
possible effects of bovine neosporosis include increased culling, reproduc-
tive failure, decreased milk production, and reduced value of breeding 
stock (Trees et aI., 1999). 
Seroprevalence of N. caninum infection in cattle seems to differ among 
herds, countries, and regions, depending on the type of serologic test, the 
cut-off level used, and the study design. In Europe, herd seroprevalence 
varies considerably, from 16 to 76% (Bartels et aI., 2006). Antibodies to N. 
caninum in buffalo have been reported in India (Meenakshi et aI., 2007), 
Iran (Sadrebazzaz et aI., 2004), China (Zhang et aI., 2007), Egypt (Dubey 
et aI., 1998), Italy (Guarino et aI., 2000), Brazil (Fujii et aI., 2001; Gennari, 
2005), Argentina (Campero et aI., 2007), and Vietnam (Huong et aI., 
1998). 
In cattle, the most frequent route of N. caninum infection is vertical 
transmission, with an infected dam transmitting the parasite through the 
placenta to her offspring during consecutive pregnancies (Bjorkman et aI., 
1996; Frossling et aI., 2005). Infections in dog populations are maintained 
through vertical (mother-pup) and horizontal infection, the latter a 
product of ingestion of cysts contained within the tissues of the 
intermediate host (Dubey and Schares, 2006). Horizontal acquisition has 
been verified experimentally, showing that cattle may become infected on 
consuming oocysts (Gondim et aI., 2004) shed by dogs or coyotes 
(McAllister et aI., 1998). 
Neospora caninum infection is mainly diagnosed in live animals by 
serologic tests, including the indirect fluorescent antibody test (IF AT), the 
agglutination test, and enzyme-linked immunosorbent assays (ELISAs). 
Serology also can be conducted on newborn calves to determine whether 
they are congenitally infected. Because colostral antibodies from the dam 
may persist in the calffor several months, it is important to collect a blood 
sample from the calf before it consumes the colostrum (Hietala and 
Thurmond, 1999). The present study describes N. caninum prevalence in 
dairy buffaloes in Lahore District, Punjab, Pakistan, as assessed by 
antibodies in the serum. 
DOl: lO.1645/GE-2687.1 
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The study was conducted from August 2009 to July 2010 in Lahore 
District on dairy buffaloes reared in both public and private dairy units 
and farms. Blood samples from 300 buffaloes were collected aseptically in 
sterile vacutainers and kept tightly closed with plastic caps at the ambient 
temperature (approximately 30 C) for 2-4 hr. Serum was separated using 
centrifugation at 2,000 rpm for 10 min and stored at -20 C until serologic 
analysis for the detection of anti-No caninum antibodies was performed. 
A comprehensive questionnaire was designed to evaluate the contribu-
tion of risk factors known to perpetuate the prevalence of N. caninum in 
dairy buffaloes. Information included name, location and contact number 
of the owner, identification of the animal, age, sex, and breed of the 
animal, suckling or weaning status of calves, feeding and watering 
patterns, health status, nature of contact with the dogs at the farm, status 
of pregnancy, parity number, detail of history of abortion (if any), other 
reproductive disorders recorded, neonatal mortality, and debility or limb 
abnormalities observed by the owner. This information regarding each 
animal was recorded at the time of blood sampling and labeled for 
statistical analysis. 
All serum samples were tested for the presence of N. caninum-specific 
antibodies by using a monoclonal antibody-based competitive ELISA 
(VMRD, Inc., Pullman, Washington); the assay was performed according 
to the manufacturer's instructions. Positive and negative controls provided 
in the kit were run in duplicate each time the assay was performed, 
irrespective of the number of serum samples assayed. In brief, the antigen-
coated plates were incubated at 27 ± 3 C for 1 hr with undiluted test serum 
and controls and then rinsed with diluted wash solution. The plates were 
then incubated with peroxidase anti-mouse monoclonal antibody 
conjugate for 20 min. The conjugate was washed off, and the substrate 
solution was incubated in the wells uncovered for 20 min. In the final step, 
a stop solution was added, and the optical density (OD) of the wells was 
determined at a wavelength of 620 nm in the microplate reader. The results 
were expressed as percentage of inhibition (PI) by using the formula 
PI=100- (SampleODxI00) 
Mean Negative Control OD 
The samples showing a PI value 2:30 were considered positive, and the 
samples with a PI value <30 were considered negative. 
The seasonal prevalence of N. caninum antibodies was determined by 
collecting and analyzing equal number of serum samples from each age 
group selected to minimize the bias and other sources of error. The data 
obtained by the questionnaire regarding, for example, the age, sex, 
pregnancy, parity number, and contact of the animal with dogs were 
analyzed to determine the various risk factors involved in the prevalence 
of the N. caninum infection in dairy buffaloes. 
The prevalence of infection was calculated using Pearson chi-square test 
with 95% confidence intervals (CI) and the software package True 
Prevalence Program of Survey Toolbox (Australian Center for Interna-
tional Agricultural Research, Australian Capital Territory, Australia), 
while considering the sensitivity and specificity of the ELISA kit used 
(Cameron, 1999). 
The present study showed a high prevalence of N. caninum antibodies in 
buffaloes reared in Lahore (31 0 15'-31 0 45'N, 74°01'-74°39'E), an eastern 
region of Pakistan. Of 300 serum samples, 159 (54.7%) were positive for 
antibodies. There was no significant difference (P > 0.05) of prevalence in 
male and female animals (Table I). The prevalence trend was independent 
of age, with highest prevalence in buffaloes> 3 to 5 yr old (64.1.0%, CI = 
0.5), followed by prevalence in >5- to 6-yr-old buffaloes (57.9%). The 
lowest prevalence of 47.3% was observed in >6-yr-old buffaloes 
(Table II). 
542 THE JOURNAL OF PARASITOLOGY, VOL. 97, NO.3, JUNE 2011 
TABLE I. Overall and sex-based prevalence of Neospora caninum 
antibodies in dairy buffalo in Lahore District, Pakistan. 
No. of animals Seropositive % True 
Sex tested animals prevalence 
Female 252 139 57.0* 
Male 48 20 48.0* 
Total 300 159 54.7 
* Indicates non-significant (P > 0.05, chi-square test) difference in each gender. 
TABLE II. Prevalence of Neospora caninum antibodies by age group of 
dairy buffalo. 
No. No. % True 
Buffalo age tested seropositive prevalence 
Neonates to I yr 50 27 55.8* 
1-2 yr 50 24 49.5* 
>2-3 yr 50 26 53.7* 
>3-5 yr 50 31 64.1* 
>5-6 yr 50 28 57.9* 
>6 yr 50 23 47.3* 
Total 300 159 54.7 
• Indicates significant (P < 0.05) difference in prevalence among the age groups. 
TABLE III. Seasonal prevalence of Neospora caninum antibodies in 
dairy buffalo. 
No. Seropositive % True 
Season tested animals prevalence 
Winter (November-January) 75 29 39.6* 
Spring (February-April) 75 37 49.3* 
Summer (May-August) 75 51 70.5* 
Autumn (September--October) 75 42 57.9* 
Total 300 159 54.7 
• Indicates significant (P < 0.05, chi-square test) prevalence among various seasons. 
The highest prevalence (70.5%) was recorded during summer, followed 
by 57.9% in autumn (Table III). The analysis of the questionnaire data 
revealed a high prevalence (P < 0.05) of anti-No caninum antibodies in 
pregnant buffaloes (70.4%) compared with non-pregnant adult buffaloes 
(49.7%), indicating high infection susceptibility in the pregnant animals 
(Table IV). 
There was no significant difference (P > 0.05, Pearson chi-square test) 
of prevalence in the suckling (59.9%) and non-suckling (53.3%) buffalo 
calves, suggesting the congenital transmission of the parasite from the dam 
to her offspring. A non-significant difference (P > 0.05) was recorded in 
the prevalence of anti-No caninum antibodies in different parities, with 
highest prevalence (72.6%) in the second parity and lowest prevalence 
(46.8%) in fourth and subsequent parity buffaloes (Table V). Prevalence 
TABLE V. Prevalence of Neospora caninum on the basis of parity number 
in diary buffalo. 
No. % True 
Parity no. of buffalo cow tested Seropositive prevalence 
Buff heifers pregnant (nulli-parous) 14 7 51.6* 
First parity buffalo 32 18 58.2* 
Second parity buffalo 30 21 72.6' 
Third parity buffalo 42 27 66.6" 
Fourth and subsequent parity buffalo 11 5 46.8* 
Total 129 78 62.6 
• Indicates non-significant (P > 0.05) difference among the various parities of dairy 
buffalo. 
TABLE VI. Prevalence of Neospora caninum in aborting and non-aborting 
dairy buffalo. 
Abortion status of % True 
buffalo No. tested Seropositive prevalence 
Aborting 25 19 78.9* 
Non-aborting 90 48 55.0* 
Total 115 71 60.0 
• Indicates significant difference (P < 0.05, chi-square test) between aborting and 
non-aborting dairy buffalo. 
of N. caninum antibodies was significantly (P < 0.05) higher in the aborted 
buffalo (78.9%) than in non-aborted (59.8%) dams (Table VI). Similarly, 
buffaloes in the category of having contact and association with dogs in 
the farm demonstrated significantly higher prevalence (60.3%) compared 
with the buffaloes without association (48.1%) with dogs (Table VII). 
The purpose of the present study was to establish the presence or 
absence of N. caninum in dairy buffaloes in Pakistan. The seroprevalence 
of N. caninum in dairy buffaloes is similar to that of a study in Argentina 
(64% seroprevalence) by Campero et al. (2007), in an area with substantial 
buffalo farming and to a study conducted by Meenakshi et al. (2007) in 
India showing a prevalence of 50% in water buffaloes. Fujii et al. (2001) 
reported a seroprevalence of 64% by IFAT and 53% by Neospora 
agglutination test testing in Brazilian water buffaloes. 
The high seroprevalence in buffaloes suggests a natural susceptibility to 
N. caninum. The present study differs from the overall prevalence of 37% 
reported by Hajikolaei et al. (2007) in the southwestern region of Iran. The 
reason for the high prevalence in our study may be the genetic 
susceptibility of the animals as well as geographic, environmental, and 
climatic conditions of the area. Another factor may be the large size of 
farms and the system of dairy husbandry in Lahore. A major population 
density of dairy animals also is associated with small land holdings and 
poor sanitary practices. Most adult dairy buffaloes are used for 
commercial purposes, whereas only few calves are kept. Due to the 
scarcity of space, pregnant animals near parturition are in close contact 
with other buffaloes and thus have ample opportunity to lick, or 
sometimes ingest, the infected afterbirth, resulting in the acquisition of 
N. caninum. Similarly, aborting animals are not separated from other 
animals, which contaminate the common feed and watering troughs, 
TABLE IV. Prevalence of Neospora caninum in pregnant and non-pregnant dairy buffalo. 
Age of buffalo Pregnant Seropositive % True prevalence Non-pregnant Seropositive % True prevalence 
>3-5 yr 14 9 66.5* 33 14 43.6* 
>5-6 yr 21 14 69.1 * 22 11 51.6* 
>6 yr 18 13 75.0* 28 15 55.3* 
Total 53 36 70.4 83 40 49.7 
• Indicates significant (P < 0.05) amongst the pregnant and non-pregnant dairy buffalo. 
TABLE VII. Prevalence of Neospora caninum in dairy buffalo on the basis 
of contact with dog. 
Status of buffalo's contact % True 
with dog at farm No. tested Seropositive prevalence 
In contact with dog 163 95 60.3* 
With out contact 137 64 48.1* 
Total 300 159 54.7 
• Indicates significant difference (P < 0.05, chi-square test) between dairy buffalo in 
contact with dog and without contact. 
spreading the parasite to susceptible hosts. A significantly higher 
prevalence in aborting buffalo in the current study is consistent with a 
study in Turkish cattle by Vural et al. (2006), which declared an odds ratio 
of 1.97 proving a strong association between abortion and seropositivity. 
Dogs are mostly an integral part of dairy farms, particularly in urban 
and peri-urban areas, where the owner's residence is separated from the 
dairy operations. These dogs are closely associated with dairy animals and 
frequently contaminate cattle feed when their feces are dropped nearby, 
thus transmitting N. caninum oocysts to the intermediate hosts and 
resulting in higher prevalence. Buffaloes in association with dogs showed a 
significantly (P < 0.05) higher prevalence (60.3%) of anti-No caninum 
antibodies than those without contact (48.1 %). This finding emphasizes 
the role of the dogs in the transmission of infection from the final host 
(dog) to the intermediate host (buffalo). High prevalence in the neonatal 
age group suggests and supports vertical transmission of N. caninum from 
the dam to its offspring. There was no difference of prevalence in the male 
and female buffalo (P > 0.05). 
A high prevalence recorded in summer may be due to an almost mid-
pregnancy phase in majority of the buffaloes during this time as peak 
calving season is July to September. The stress of pregnancy and hot 
summer stress also may be risk factors resulting in high prevalence during 
this period. The lowest prevalence (39.6%) was observed in winter, 
possibly due to the fact that most of the buffaloes are in lactation, coupled 
with low number of buffaloes in early pregnancy during this season. The 
stress of pregnancy resulting in immunomodulation of the immune system 
and the parasite transmission dynamics are the most important factors in 
the epidemiology of neosporosis in Pakistan. 
We are grateful to the Higher Education Commission of Pakistan for 
funding the project. Thanks also to Imran and Hafiz Nisar Ahmad for 
supporting the laboratory work. 
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COVER CAPTION: Contracaecum australe n. sp. from Ph. brasilianus from Santa Elena lagoon. (b) Anterior end, laterodor-
sal; (e) Posterior male end, precloacal and postcloacal papillae distribution: al-a2 5 distal subventral papillae, a3-a4 5 distal 
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al. 97: 477-493. 
